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Novel Mutations in the CPT1A Gene Identified in the Patient
Presenting Jaundice as the First Manifestation of Carnitine
Palmitoyltransferase 1A Deficiency
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Carnitine palmitoyltransferase 1A (CPT1A) is an enzyme functioning in mitochondrial fatty acid oxidation (FAO) of
the liver. Patients with CPT1A deficiency have impaired mitochondrial FAO and display hypoketotic hypoglycemia
and hepatic encephalopathy as typical manifestations. In this report, we present a case of CPT1A deficiency present-
ing jaundice as the first manifestation. A 1.9 years old boy showed jaundice and elevated levels of free and total
carnitine were observed. From direct sequencing analysis of CPT1A, two novel mutations, c.1163+1G>A and
¢.1393G > A (p.Gly465Arg), were identified. At the age of 2.2 years, hypoglycemia, tachycardia, and altered mental
status developed just after cranioplasty for craniosynostosis. High glucose infusion rate was required for recovery
of his vital signs and mentality. Diet rich in high carbohydrate, low fat and inclusion of medium chain triglyceride
oil resulted in improvement in cholestatic hepatitis and since then the boy has shown normal growth velocity and
developmental milestones to date.
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INTRODUCTION

Carnitine palmitoyltransferase 1A (CPT1A) is a
hepatic isoform of CPT1, which is the enzyme located
in the outer mitochondrial membrane and is im-
portant for mitochondrial fatty acid oxidation (FAQO)
[1]. Without CPT1A, long chain fatty acids cannot be
transported into mitochondria to be broken down,
processed and stored in our body. CPT1A deficiency
(OMIM#255120) is a rare metabolic disease with

impaired mitochondrial FAO and results in accumu-
lation of high levels of long chain fatty acids in the
liver. Therefore, patients with CPT1A deficiency usu-
ally present hypoketotic hypoglycemia and hepatic
encephalopathy after long time of fasting.

CPT1A deficiency is caused by mutation in the
gene encoding CPT1A, the CPTIA gene. The preva-
lence appears to be quite low worldwide and fewer
than 40 cases are reported to date, though c.1436C>T
(p.Pro479Leu) variant of CPTIA was known to be
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prevalent in Inuit population [2]. Just a single case in
Korea with CPT1A deficiency was reported in 2015,
and demonstrable hepatosplenomegaly and neph-
romegaly in the patient were mentioned as atypical
manifestations of CPT1A deficiency [3].

In the present report, we describe a case of a
Korean boy with CPT1A deficiency showing choles-
tatic jaundice as the first manifestation of CPT1A
deficiency.

CASE REPORT

A 1.9 years old boy was referred to the emergency
room in Seoul National University Hospital (Seoul,
Korea) to evaluate and manage jaundice developed
after viral gastroenteritis. The boy was born at full
term with 2.97 kg (10-25th percentile) of birth weight
by cesarean section, and was the only child of non-
consanguineous and healthy parents. The result of
his neonatal screening test for inherited metabolic
diseases performed at the age of 3 days was normal,
and he had been normally developed. Ten days be-
fore the visit to our hospital, he was admitted for
treatment of respiratory syncytial virus infection and
noroviral enteritis at a local hospital. Icteric sclera
was first observed after a week of the admission, and
hyperbilirubinemia along with elevated levels of liv-
er enzyme were noticed and had been progressed in
repeated tests before the referral to our hospital.

During examination at our hospital, jaundice ap-
peared on his face and abdomen, icteric sclera and
scaphocephaly were observed. The height and

weight of the boy were 85 cm (25-50th percentile)
and 10.7 kg (3-5th percentile), respectively and his
head circumference was 49.7 cm (50-75th percen-
tile). He could walk alone and walk up and down the
staircase. Moreover, he could speak many mean-
ingful words. The liver was palpable 4 cm below the
right costal margin. The findings of initial laboratory
examination performed in our hospital, revealed ele-
vated levels of bilirubin and liver enzymes: total bilir-
ubin, 8.0 mg/dL (normal 0.2-1.2 mg/dL); direct bilir-
ubin, 5.7 mg/dL (normal 0-0.5 mg/dL); aspartate ami-
notransferase (AST), 234 IU/L (normal 1-40 IU/L);
alanine transaminase (ALT), 168 IU/L (normal 1-40
IU/L); and alkaline phosphatase, 480 IU/L (normal
60-300 IU/L). Viral hepatitis serology markers in-
cluding hepatitis A, B, and C viruses, cytomegalovi-
rus, and Epstein-Barr virus were not informative
with respect to diagnosis. Prothrombin time and ac-
tivated partial thromboplastin time) were 13.6 sec
(normal 9.6-12.5 sec) and 48.1 sec (normal 26-35.3
sec), respectively. Serum ammonia level was 89 ug/dL
(normal <75 ug/dL). Hemoglobin was 8.2 g/dL (nor-
mal 10.5-14.0 g/dL) and iron deficiency (iron 53 ug/dL,
normal 50-170 ug/dL; total iron-binding capacity 479
ug/dL, normal 280-400 ug/dL; ferritin 8.8 ng/mL, nor-
mal 10-300 ng/mL) was noted with no definite evi-
dence of hemolysis. Ceruloplasmin, creatine phospho-
kinase, and lactate dehydrogenase levels were
normal. Compensated metabolic acidosis with nor-
mal anion gap (pH 7.38; HCO3-, 18.3 mmol/L; Na,
136 mmol/L; Cl- 103 mmol/L) was found on blood
gas and electrolyte analyses, and the presence of re-

Fig. 1. Hepatomegaly and nephromegaly was observed onin ultrasonographic examinationy performed at age 1.9 years.
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nal tubular acidosis (RTA) was suggested. Tubular
dysfunctions including mild tubular proteinuria were
observed (spot urine ratio of beta-2 microglobulin/crea-
tinine 1.52 wug/mg, normal 0.09-0.48 ug/mg; N-ace-
tyl-beta-glucosaminidase/creatinine 206 1U/g, nor-
mal 2.9-20.0 1U/g; protein/creatinine 0.23 mg/mg,
normal <0.3 mg/mg). Abdominal ultrasonography
revealed hepatomegaly with coarse parenchymal
echogenicity without focal lesion or bile duct dila-
tation. Enlarged kidneys with increased renal cort-
ical echogenicity were also observed (Fig. 1). Skull
simple radiography and three-dimensional com-
puted tomography images showed premature clo-
sure with sclerotic change of the sagittal suture, sug-
gesting craniosynostosis (Fig. 2).

Additionally, we performed tandem mass spec-
trometry (TMS) analysis, carnitine assay, serum ami-
no acid and urine organic acid analyses for screening
of metabolic liver diseases. The results of TMS and
carnitine analyses showed elevated levels of free and

total carnitine to 77.6 umol/L (normal 18.0-54.0
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wmol/L) and 87.5 wmol/L (normal 26.0-55.0 wmol/L),
respectively; however, acylcarnitine level was nor-
mal at 9.9 umol/L (normal 4.0-19.7 umol/L). On sus-
picion of CPA1A deficiency, carnitine analysis was
repeated after 2 weeks later and low fat and high car-
bohydrate diet with medium chain triglyceride oil
and iron supplementation was started concurrently.
The result of repeated carnitine analysis was re-
ported a week later and revealed further elevated lev-
els of free and total carnitine to 101.1 umol/L and
104.3 umol/L, respectively and a decrease in acylcar-
nitine value to below the normal range (3.2 umol/L),
therefore based on the laboratory reports, CPT1A de-
ficiency could be suspected. Molecular genetic analy-
sis of the CPT1A gene was performed for confirma-
tive diagnosis. Direct sequencing analysis of CPT1A
led to identification of two novel mutations, c.1163+1
G>A and ¢.1393G > A (p.Gly465Arg) (Fig. 3), and
the patient was diagnosed to be suffering from
CPT1A deficiency.

With diet management, hyperbilirubinemia and

Fig. 2. Three-dimensional re-
construction images of com-
puted tomography show early
closure with sclerotic change
of the sagittal suture and sca-
phocephaly.



Jong Sub Choi, et al : Novel Mutations in the CPT7A Gene Identified in the Patient Presenting Jaundice
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Fig. 4. The course of clinical events and associated laboratory
findings is shown as below. AST: aspartate aminotransferase, ALT:
alanine transaminase.

elevated liver enzymes were progressively improved
(total bilirubin, 1.5 mg/dL; AST, 37 IU/L; ALT 22 IU/L)
(Fig. 4). One month after diagnosis, cranioplasty for
scaphocephaly was performed. During the post-op-
eration care, recurrent hypoglycemic events with de-
saturation and tachycardia occurred even though
glucose solution was continuously infused during
that time (glucose infusion rate, 3.3 mg/kg/min).
Recovery of vital signs and mental status was achieved
after increased glucose infusion rate with 10% dex-
trose solution (glucose infusion rate, 5.5 mg/kg/min).

At present, the boy is 2.3 years old, laboratory find-
ings including liver enzymes and bilirubin have be-
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Fig. 3. Partial genomic DNA
sequences of CPTIA for the
patient are shown. The patient
is a compound heterozygote
with two novel mutations,
¢.1163+1G>A and ¢.1393G>
A (p.Gly465Arg).

come normalized (AST, 35 IU/L; ALT, 30 IU/L; total
bilirubin, 0.3 mg/dL; direct bilirubin, 0.11 mg/dL).
Hemoglobin and RTA features have also been im-
proved (hemoglobin, 10.9 g/dL; pH 7.39; HCO3-, 21.8
mmol/L; Na, 134 mmol/L; Cl-, 110 mmol/L). Although
hepatomegaly and nephromegaly were still observed
on the follow-up ultrasonography, he has shown
catch-up in weight (12.1 kg, 10-25th percentile) and
exhibit normal developmental milestones.

DISCUSSION

CPT1A deficiency is a rare metabolic disease in
FAO, and the majority of patients have demon-
strated recurrent hypoglycemic events as the first
manifestation [4]. Occurrence of hypoglycemia has
been noted when glycogen was exhausted often with
long time of fasting or infection. However, in the
present case, the patient did not demonstrate any
hypoglycemic events before diagnosis. There exists a
report of a patient with cholestatic jaundice along
with CPT1A deficiency [5], in which the authors
have described existence of cholestatic jaundice due
to impaired energy preventing adenosine triphos-
phate (ATP)-dependent bile acid secretion. In addi-
tion, Greenberg et al. [6] suggested that homo-
zygous subject for a certain mutation, ¢.1436C>T
(p.Pro479Leu), could be asymptomatic even though
it caused the low residual CPT1A activity. It is also
suggested that milder forms of CPT1A deficiency
could be sufficient to supply glucose through mi-

tochondrial FAO, since these are insufficient in
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ATP-dependent bile acid secretion system. In our pa-
tient, it is hypothesized that systemic hypoglycemia
might not be definitely accompanied and jaundice
occurred as the first manifestation of CPT1A defi-
ciency instead. Early diagnosis is usually difficult be-
fore progression of hepatic dysfunction in these
patients. Therefore, screening for metabolic dis-
orders including TMS analysis, carnitine assay, se-
rum amino acid and urine organic acid analyses,
should be considered as the initial evaluations for pa-
tients showing unusual course of jaundice.

TMS analysis on dried blood spots can detect more
than 20 metabolic disease including CPT1A defi-
ciency [7]. A Japanese report states detection of
CPT1A deficiency in a presymptomatic baby by TMS
newborn screening [8]. The patient did not show hy-
potonia, hypoglycemia, RTA and jaundice. However,
elevation of free carnitine level was noticed by TMS
newborn screening. Although our patient was not
detected by newborn screening using TMS in the ne-
onatal period. TMS usually uses some indicators in-
cluding CO level, C16 level, C18level, or CO/(C16+C18)
ratio to diagnose CPT 1A deficiency. Fingerhut et al.
[7] reported 2 false negative cases in the method us-
ing C16 level, and CO/(C16+C18) ratio is thought to
be a very specific indicator, but can be normal even in
patinets [2]. Our patient was not a severe neonatal
onset form of CPT1A deficiency, and the normal re-
sult in his neonatal TMS was attributed to his milder
clinical severity. So repeated TMS analyses were use-
ful and necessary to detect CPT1A deficiency for sus-
pected patients.

Molecular genetic analysis for the CPT1A gene is
the confirmative test for diagnosis, and approximately
30 kinds of mutations have been reported to date
(the Human Gene Mutation Database, http://www.hg-
md.cf.ac.uk). There are well-known founder muta-
tions, ¢.1436C>T (p.Pro479Leu) in Inuit population
and c.2129G>A (p.Gly710Glu) in Hutterite pop-
ulations has been reported in previous studies
[1,9,10]. Targeted mutations analysis can be ac-
cepted for the known mutations in these ethnic
groups. However, direct sequencing analysis for all
coding exons was usually used in other ethnic
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groups, who have low prevalence of CPT1A deficiency
as Koreans. We performed direct sequencing analysis
of all coding exons and identified two novel muta-
tions, c.1163+1G>A and c.1393G > A (p.Gly465Arg).
Although family screening of these mutations for
patient’s parents was not performed yet, each of
these two mutations is thought to be pathologic
mutation. The ¢c.1163+1G > A is located at the spic-
ing donor site of intron 10 and cause exon 10 skip-
ping and c.1393G > A (p.Gly465Arg) is located on
exon 12. The 465 glycine is a highly conserved amino
acid throughout species, and another mutation at
the same amino acid site, p.Gly465Trp, was already
reported in the CPT1 patient [11]. Genetic counsel-
ing through family screening of identified mutations
should be necessary, if the parents want to have an-
other baby.

RTA and nephromegaly were also observed in our
patient. RTA in CPA1A deficient patients have been
known from the previous reports [12]. The kidney is
rich in mitochondria, and fatty acids are thought to
be an important source of energy in the kidney.
Therefore, RTA can be an evidence of lack of energy
for the kidney with impaired fatty acid metabolism
and can be resolved following treatment with me-
dium chain triglyceride. Severe nephromegaly with
significant proteinuria were also reported in another
study [3]. Accumulation of long chain fatty acid and
dyslipidemic changes in kidney may lead to neph-
romegaly in CPT1A deficient patients. During exami-
nation of tubular functions performed in our patient,
mild tubulopathy was usually observed, but there
were no other significant abnormal findings includ-
ing proteinuria and hematuria on urine analysis.

A sufficient level of glucose should be supplied to
patients with CPT1A deficiency during long time of
fasting. Our patient showed hypoglycemia and hep-
atic encephalopathy under stressful situations, even
though sufficient glucose (3.3 mg/kg/min) was con-
tinuously infused during fasting after surgery. It
suggests that higher glucose infusion rates should be
kept in CPT1A deficient patients, and frequent blood
glucose level monitoring is also necessary during
stressful conditions including major operation and
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severe infection. Blood glucose level had been nor-
malized with higher glucose infusion rate (5.5
mg/kg/min) in our patient. Before the diagnosis, our
patient did not show symptoms such as hypo-
glycemia and encephalopathy, and his usual appetite
and nutrition intake seemed not to be extraordinary.
However, he showed difficulty in gaining weight,
which indirectly represents his undetected poor nu-
tritional status.

Craniosynostosis has not been reported as the
manifestation or comorbidity of CPT1A deficiency.
Our patient showed sagittal craniosynostosis and it
is the most common subtype of non-syndromic cra-
niosynostosis, which is not associated with strong
genetic backgrounds. Therefore, it is hypothesized
that adjunction of sagittal craniosynostosis in our
patient might be unrelated to CPT1A deficiency.

In the present work, we report a patient with
CPT1A deficiency, who showed cholestatic jaundice
as the first manifestation rather than hypoglycemia.
Elevated free and total carnitine levels and decreased
acylcarnitine level were the clues for clinical diagnosis.
Also, two novel mutations of CPT1A, c.1163+1G> A
and c.1393G > A (p.Gly465Arg), were identified. Accor-
dingly, FAO including CPT1A deficiency should be
considered to be a rare cause of cholestatic hepatitis
in childhood.
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