JIMD Reports
DOI 10.1007/8904_2014_382

RESEARCH REPORT

Carnitine-Acylcarnitine Translocase Deficiency: Experience
with Four Cases in Spain and Review of the Literature

Isidro Vitoria - Elena Martin-Hernandez -

Luis Pefia-Quintana - Maria Bueno -

Pilar Quijada-Fraile « Jaime Dalmau «

Sofia Molina-Marrero « Belén Pérez - Begofia Merinero

Received: 18 July 2014 /Revised: 04 November 2014 /Accepted: 10 November 2014 /Published online: 23 January 2015

© SSIEM and Springer-Verlag Berlin Heidelberg 2014

Abstract Background: Carnitine-acylcarnitine translocase
(CACT) deficiency is a rare autosomal recessive disease in
the mitochondrial transport of long-chain fatty acids.
Despite early diagnosis and treatment, the disease still has
a high mortality rate.

Methods: Clinical symptoms, long-term follow-up, and
biochemical and molecular results of four cases are
described and compared with the reviewed literature data
of 55 cases.

Results: Two cases with neonatal onset, carrying in
homozygosity the novel variant sequences p.Gly20Asp
(c.59G>A) and p.Argl79Gly (c.536A>G), died during an
intercurrent infectious process in the first year of life
despite adequate dietetic treatment (frequent feeding, high-
carbohydrate/low-fat diet, MCT, carnitine). The other two
cases, one with infantile onset and the other diagnosed in
the newborn period after a previous affected sibling, show
excellent development at 4 and 16 years of age under
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treatment. The review shows that the most frequent
presenting symptoms of CACT deficiency are hypoketotic
hypoglycemia, hyperammonemia, hepatomegaly, cardiomy-
opathy and/or arrhythmia, and respiratory distress. The
onset of symptoms is predominantly neonatal in 82% and
infantile in 18%. The mortality rate is high (65%), most in
the first year of life due to myocardiopathy or sudden death.
Outcomes seem to correlate better with the absence of
cardiac disease and with a higher long-chain fatty acid
oxidation rate in cultured fibroblasts than with residual
enzyme activity.

Conclusion: Diagnosis before the occurrence of clinical
symptoms by tandem MS-MS and very early therapeutic
intervention together with good dietary compliance could
lead to a better prognosis, especially in milder clinical cases.

Introduction

Carnitine-acylcarnitine translocase (CACT) belongs to the
family of SLC25 mitochondrial carriers and catalyzes both
unidirectional transport of carnitine and carnitine/acylcarni-
tine exchange in the inner mitochondrial membrane,
allowing the import of long-chain fatty acids into the
mitochondria where they are oxidized by the B-oxidation
pathway (Palmieri 2008). The mitochondrial oxidation of
fatty acids is an important source of energy for humans
during prolonged fasting and long-term exercise in the
skeletal and cardiac muscles.

CACT is present in the mitochondria of all tissues,
particularly in the heart, liver, and skeletal muscle. The
CACT protein is encoded by the SLC25420 (solute carrier
family 25, member 20) gene which has been mapped to
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chromosome 3p21.31 and consists of nine exons (Huizing
et al. 1997). CACT is the key component of the carnitine
cycle which consists of four steps: uptake of carnitine
across the plasma membrane by the organic cation carnitine
transporter OCTN?2, transfer of acyl groups from acyl CoA
to carnitine through CPTI in the outer mitochondrial
membrane, CACT-mediated transport of acylcarnitines
across the inner mitochondrial membrane, and transfer of
acyl groups from acylcarnitines to coenzyme A inside the
mitochondria through CPTII. Since CACT-mediated trans-
port is an essential step in the long-chain fatty acid -
oxidation pathway, CACT deficiency results in the unavail-
ability of long-chain fatty acids for mitochondrial (-
oxidation and ketogenesis.

CACT deficiency (OMIM 212138), first recognized in
1992 (Stanley et al. 1992), is an autosomal recessive
disorder presenting in the neonatal period or early infancy
with heart problems (cardiac arrhythmia, cardiomyopathy,
heart block), muscle weakness, seizures, abnormal liver
function, and severe episodes of hypoglycemia and hyper-
ammonemia triggered by fasting or infections. It is one of
the more uncommon defects among the fatty acid oxidation
disorders; so far, only 55 cases have been reported.

The management of patients consists of fasting preven-
tion with frequent meals, high-carbohydrate intake espe-
cially during illness or fever, supplementation of lipids as
medium-chain triglycerides (MCT) and essential polyunsat-
urated fatty acids, and administration of carnitine (Spieker-
koetter et al. 2009).

Here, we report four cases from Spanish pediatric
hospitals, two of them with severe neonatal presentation
and a fatal outcome, each carrying novel mutations in
homozygosity and the remaining two with a good clinical
evolution. We have reviewed the clinical, biochemical, and/
or molecular data of 55 previously reported cases to better
understand the natural history of the disease, focusing on
long-term outcome. Despite the improvement in early
diagnosis and management in the last decade, CACT
deficiency still has a high mortality rate (Spiekerkoetter
et al. 2009; Baruteau et al. 2013).

Case Reports

P1, a male born to unrelated parents of sub-Saharan African
origin, after normal gestation and delivery (BW 3,050 g),
presented at 12 h of life with symptomatic hypoglycemia
and hypothermia. Hypotonia, hepatomegaly, biventricular
hypertrophic myocardiopathy, hyperammonemia
(312 pmol/L), cholestasis and hepatic steatosis (Table 1),
increased alpha-fetoprotein (18,000 pg/L; normal value
<10), and tubular dysfunction with glucosuria and protein-
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uria were noted. Plasma amino acids and coagulation
studies were normal. Plasma acylcarnitine (ACC) profile
showed marked hypocarnitinemia and high C12—-C18
species, especially C16 and C18:1. GC-MS analysis of
urine organic acids showed increased medium-chain dicar-
boxylic aciduria. CPT II activity in fibroblasts was normal.
Mutation analysis of SLC25420 gene revealed homozygos-
ity for a novel mutation, c.59G>A (p.Gly20Asp). Both
parents were carriers of the mutation. Feeding was initiated
with a medium-chain fatty acid-enriched formula (Mono-
gen©) (90% as MCT and 10% as LCT), carnitine (30 mg/
kg/day), and sunflower oil (4 mL/day). Due to persistent
free hypocarnitinemia (8.5 umol/L), carnitine was increased
to 100 mg/kg/day that normalized the levels. At 100 days
due to acute metabolic decompensation. ECG and EcoCG
showed no worsening of the myocardiopathy. Between
5 and 8 months of age, the diet was diversified (fruits,
vegetables, meat, and cereals) and supplemented with
docosahexaenoic acid (DHA) and soybean oil. The patient
died at home at 8 months of age, coinciding with febrile
process. Postmortem examination showed pneumonia,
myocardiopathy, and hepatic steatosis.

P2, a female born after normal gestation and delivery
(BW 3,100 g) to unrelated Spanish parents, presented with
transient tachypnea of the newborn and cutaneous candidi-
asis in the newborn period. She was asymptomatic until
8 months of age when she was admitted to the hospital after
a catarrhal process with duration of 48 h and fever. She
presented with generalized tonic—clonic convulsions, hypo-
tonia, irritability, somnolence, hepatosplenomegaly, meta-
bolic acidosis, hypoglycemia, liver dysfunction, high CK
(Table 1) and a severe neurological alteration (Glasgow
index 10). The cardiologic study was normal. Ophthalmo-
logic examination revealed salt-and-pepper retinopathy.
Liver biopsy showed hepatic steatosis. The process slowly
reverted after supportive measures with i.v. carnitine
administration (150 mg/kg/day) and feeding with a high-
carbohydrate, low-fat diet and Monogen©. Plasma ACC
profile showed marked hypocarnitinemia and an increase in
C14—Cl18:1. CPT II activity in fibroblasts was normal. The
patient was compound heterozygote for two previously
described mutations, c¢.160_163del4ins4 (p.Gly54_Thr55-
delinsTrpAla) on the maternal allele and ¢.532C>T (p.
Argl78Term) on the paternal allele. She continues to be
treated with a special diet with 30% fat (20% as MCT and
10% as LCT, linoleic acid 3.5%, and linolenic acid 1%),
multivitamins, oral carnitine 30 mg/kg/day (persisting
deficient plasma free carnitine levels (below 10 pmol/L),
and avoidance of fasting. Now, at 4 years of age, she is
asymptomatic with normal psychomotor and growth devel-
opment (weight 25th percentile, height 90th percentile,
BMI 10-25th percentile).
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P3 was the fifth child born to unrelated Moroccan
parents after a normal gestation and delivery (BW 3,475 g).
Two sisters experienced sudden death at 24 and 48 h of life.
No studies were performed for the first sister. Postmortem
studies in the second sister did not reveal significant
abnormalities. At 33 h of life, the proband showed
hypoketotic hypoglycemia, lactic acidosis, and hyperam-
monemia (400 pmol/L) (Table 1). Administration of
glucose, carnitine, phenylbutyrate, and carbamylglutamate
decreased the ammonia levels. The patient was transferred
to a neonatal intensive care unit in a referral hospital. The
plasma acylcarnitine profile showed marked hypocarnitine-
mia and increased C12—C18 species, especially C16 and
C18:1, and a slight increase in urinary excretion of suberic
acid. Sequencing of CPTII and SLC25420 genes identified
homozygosis for a new SLC25420 mutation, c.536A>G (p.
Asp179Gly). Both parents were carriers of the mutation.
The child was fed orally every 3 h during the day and by a
nocturnal continuous nasogastric tube, with a normocaloric,
low-fat diet, with medium-chain fatty acid-enriched formula
(Monogen(@©), supplemented with carnitine 30 mg/kg/day.
At 2 months of age, his weight was 6.4 kg (p25), length
65 cm (p75), and head circumference 42.5 cm (p50).
Psychomotor development and cardiologic study were
normal. Due to marked hypocarnitinemia (CO 7.96 pumol/
L) and a deficiency of PUFAS in the plasma and
erythrocytes, carnitine was increased to 80 mg/kg/day and
a supplement of DHA (63 mg/day) was added. At 3 months
of age, nocturnal enteral feeding was changed to two
separate meals, at midnight and 4 a.m., as the parents
requested. Between 5 and 9 months, the patient presented
with several infections in which an emergency protocol was
used. This protocol consisted of i.v. infusion of glucose at a
rate of 10 mg/kg/min in order to prevent lipolysis. By that
time, a failure to thrive was observed. At 9 months of age,
the child was admitted to hospital with cardiac arrest
coinciding with respiratory syncytial virus pneumonia, from
which he recovered after resuscitation. A port-a-cath
catheter was installed at that moment for easy access in
case of emergency. Despite this, he died of severe
gastroenteritis in a Moroccan hospital at 12 months of age.

P4 has already been described (Iacobazzi et al. 2004a).
She is reported here in order to provide updated information
regarding her clinical status. In brief, she is a female born
after normal gestation and delivery (BW 3,300 g) to
unrelated Spanish parents. Her sibling had died at 5 days
of life after developing renal failure, hepatosplenomegaly,
episodes of ventricular fibrillation and hyperCKemia.
Necropsy revealed lipid deposits in different tissues. No
further biochemical study was performed. So, this
subsequent pregnancy was monitored, and glucose infusion
was started soon after birth. The newborn was normal and
healthy. Urine organic acid analysis showed mild dicarbox-
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ylic aciduria and normal levels of plasma C10:1n-6 and
C14:1n-9 fatty acids. However, plasma free carnitine was
very low (5.7 umol/L; normal value 36 + 7 pmol/L) with
elevated long-chain acylcarnitines (15.9 pmol/L; normal
value 1.1 & 0.35 pmol/L). CACT enzyme activity in
fibroblasts was reduced (6.8% of control). The patient was
compound heterozygous for c.160_163del4ins4 (p.
Gly54_Thr55delinsTrpAla) and ¢.532C>T (p.Argl78-
Term). Mutations were confirmed in the parents. A low-
fat/high-carbohydrate diet with frequent feedings, MCT
supplementation, and carnitine (100 mg/kg/day) was
started. At 2 years of age, the dose was increased to
150 mg/kg/day, and plasma free carnitine was 19.34 pmol/
L. She has never had an episode of metabolic decompensa-
tion. She had menarche at 11.5 years of age. Now, at 16
years of age, she is completely asymptomatic with normal
psychomotor and growth development (weight and height
97th percentile) and excellent school performance.

Results and Discussion

Thirty-one articles describing clinical reports of CACT
deficiency were found by searching the PubMed database
(Al Ageel et al. 2003; Al-Sannaa and Cheriyan 2010; Brivet
et al. 1996; Chalmers et al. 1997; Costa et al. 1999; Costa
et al. 2003; Fearing et al. 2011; Fukushima et al. 2013;
Galron et al. 2004; Geven et al. 2007; Huizing et al. 1997,
1998; Tacobazzi et al. 2004a; Iacobazzi et al. 2004b; Korman
et al. 2006; Lee et al. 2007; Lopriore et al. 2001; Morris et al.
1998; Niezen-Koning et al. 1995; Nuoffer et al. 2000;
Ogawa et al. 2000; Ogier de Baulny et al. 1995; Olpin et al.
1997; Pande et al. 1993; Parini et al. 1999; Pierre et al. 2007;
Roschinger et al. 2000; Rubio-Gozalbo et al. 2003; Rubio-
Gozalbo et al. 2004; Stanley et al. 1992; Wang et al. 2011;
Yang et al. 2001). Data from the literature were compiled,
compared with the cases reported here, and discussed.

Clinical and Laboratory Presenting Findings

The literature group consisted of 55 patients from 53
families (Table 2). Consanguinity was reported in 58% and
death of siblings, before the diagnosis of the proband, in
60% of cases.

The onset of clinical symptoms was in the first days of
life in 28 out of 34 cases, 24 of them in the first week, and
only in 6 out of 34 cases symptoms appeared later than 1
month of age. The most frequent initial symptoms reported
were hepatomegaly (34%), arrthythmia and/or bradycardia
(32%), and respiratory distress (30%). Hypoketotic hypo-
glycemia (68%) and hyperammonemia (54%) were the
most frequent laboratory findings. The suggested mecha-
nism leading to hyperammonemia is urea cycle dysfunction
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Table 2 Clinical and laboratory features of 55 CACT reported
patients

Frequency %
Family history
Consanguinity 15/26 58
Caucasian 18/43 42
Arab origin 14/43 33
Asian origin 9/43 21
Deceased siblings
First child 8/20 40
Previous deceased sibling 12/20 60
Age at onset
Neonatal (<30 day) 28/34 82
>1 month 6/34 18
Presenting symptoms
Hepatomegaly 17/50 34
Arrhythmia/bradycardia 16/50 32
Apnea/respiratory distress 15/50 30
Myocardiopathy 13/50 26
Lethargy/coma 10/50 20
Seizures 7/50 14
Hypotonia 5/50 10
Laboratory findings
Hypoglycemia 34/50 68
Hyperammonemia 27/50 54
Increased CPK 16/50 32
Increased transaminases 15/50 30
Metabolic acidosis 11/50 22

Outcome (survival) (information only from 43/55)
Alive 15/43 (35%)

(*) Cases before 2004: alive 17% 12/15: <5 years 80
(*) Cases since 2004: alive 58% 3/15: 5-9 years 20
Deceased 28/43 (65%) 14/28: <6 months 50
10/28: 6—12 months 36
4/28: >12 months 14

(*) In 2004 Rubio-Gozalbo published a review with 25 cases

due to defective N-acetyl-glutamate synthesis secondary to
an insufficient supply of mitochondrial acetyl CoA and
enzymatic inhibition of CPS1 (Brivet 2004; Haberle 2013).

Our four cases were born to unrelated parents of North
African or Spanish origin. Two cases (P3—P4) had previous
siblings that died in the newborn period due to sudden
death or multiorgan failure. Cases P1-P3 presented in the
first hours of life with severe hypoglycemia. Although the
onset of symptoms began later, at 8 months in P2, she had
severe multisystem involvement. P4 never presented symp-
toms and has been treated since the newborn period due a
previous affected sibling. Hepatopathy was present in cases
P1-P2, and myocardiopathy only in P1.

Biochemical Findings

In the literature, patients were identified by high levels of
plasma long-chain acylcarnitines (C16:0, C18:0, C18:1, and
C18:2) and hypocarnitinemia, although this profile is
indistinguishable from CPT II deficiency. C6—C10 dicar-
boxylic aciduria might also be present during decompensa-
tion episodes. Our cases (P1-P2—P3) were also identified
by deficient plasma carnitine levels and increased C16 and
C18:1 acylcamitines. P4 was diagnosed after a previous
affected sibling with a severe hypocarnitinemia and
increased long-chain acylcarnitines.

The abnormal blood acylcarnitine profile can be detected
by tandem mass spectrometry (MS—MS), allowing the early
recognition of this severe disease in the neonatal period. To
the best of our knowledge, until now, only two cases have
been identified by positive expanded newborn screening
(NBS) (Wang et al. 2011; Chien et al. 2013). No clinical
data, only the genotype, are available from the first case
(Wang et al. 2011). The second case was already symptom-
atic at the time of diagnosis through NBS (he presented
with hyperammonemia and hypoglycemia after birth), and
no further data about long-term outcome have been
described (Chien et al. 2013).

To confirm the CACT defect, CACT activity was
performed in fibroblasts from 31 out of 55 cases. Cases
with residual CACT activity (<5%) seem to have a worse
outcome than those with>5% activity (Table 3). Oxidation
rates of [*H]myristate, [*H]palmitate, and/or [*H]oleate in
cultured fibroblasts have also been determined in a few cases
in the literature (Table 3). It seems that the surviving cases
had a significantly higher oxidation rate of myristate,
palmitate, and/or oleate than the deceased cases (p < 0.002).

In our cohort, CACT activity was only determined in P4
(residual activity 6.8% of control). In the remaining three
cases, CPTII deficiency was first ruled out by enzyme
determination in fibroblasts or by gene sequencing; the
final diagnosis was achieved by SLC25420 gene analysis.

Mutational Findings

A total of 39 mutations have been reported so far in the
SLC25A420 gene which seem to be pan-ethnic (Wang et al.
2011; Indiveri et al. 2011); (HGMD Professional Release
2013.4 www.biobase-international.com). Functional char-
acterization has been performed in very few of them.
Mutations are summarized in Table 4, including the two
novel changes described in the present study. The most
frequently found were the splicing mutation ¢.199-10T>G
in patients from East Asia (Japan, China, Vietnam), and the
missense mutation c.713A>G (p.GIn238Arg) in patients of
Arab origin, both associated in homozygosity to a severe
clinical phenotype. Meaningful phenotype—genotype corre-
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Table 3 CACT activity and fatty acid oxidation rates in fibroblasts from CACT patients in relation to the outcome

Fatty acid oxidation rates (%)

Outcome (number) CACT <5% residual activity

[*H]-myristate*

[*H]-palmitate* [*H]-oleate*

Alive 7/10 15.9 (15.0-37.5) 12.1 (5.70-24.0) 35.0 (25.0-50.5)
n:15 n:8 n:6 n:3

Deceased 20/21 4.0 (2.2-4.4) 4.0 (3.1-5.0) 1.5 (0.6-16.0)
n:28 n:10 n:13 n:5

Statistical test Fisher; p = 0.086 (NS)

#{ = 2; p < 0.002

®%0 = 5, p < 0.002 #%(] = 3.5; p < 0.002

*Median (interquartile range)
**Mann—Whitney U-test
n number of cases

lations were limited because of the fact that many mutations
were private. Nevertheless clinical phenotype could be
elicited from the homozygous and functionally hemizygous
patients (Table 4).

We have identified two new homozygous missense
mutations, ¢.59G>A (p.Gly20Asp) in P1 and ¢.536A>G
(p-Aspl79Gly) in P3, both of them with a severe clinical
phenotype. Both residues of the CACT protein, glycine at
position 20, and arginine at position 179 are evolutionarily
conserved from frog to human. Both changes were
predicted to be damaging by the algorithms Polyphen
(http://genetics.bwh.harvard.edu/pph/) and SIFT (http://sift.
jevi.org/). P2 and P4, two unrelated Spanish cases, both of
them with a milder clinical phenotype, presented the same
genotype (p.Gly54_Thr55delinsTrpAla/p.Argl78Term).
The mutation p.Gly54_Thr55delinsTrpAla has been identi-
fied so far in homozygosity in one other Spanish patient
with a severe clinical phenotype (lacobazzi et al. 2004a)
and in heterozygosis with ¢.804delG (p.Phe269Serfs*) in
one Cape Indian patient with a late onset of symptoms
(Wang et al. 2011; Fearing et al. 2011). The mutation p.
Argl78Term has been previously reported in patients of
Turkish and North African origin (Rubio-Gozalbo et al.
2003; Costa et al. 2003; Iacobazzi et al. 2004a).

Long-Term Prognosis

In the literature, information about the survival rate was
provided for 43 out of 55 cases (Table 2). The mortality rate
was high (65%), with most deaths in the first year of life.
In a French retrospective multicenter study of fatty acid
oxidation (FAO) patients, lethality was even higher (92%)
(Baruteau et al. 2013). Reported causes of death were
myocardiopathy, intercurrent infectious processes, or sudden
death, as occurred in P1 and P3. About 80% of the surviving
reported patients were less than 12 years of age. Very few of
the surviving patients presented with a milder clinical
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phenotype (normal physical development with no evidence
of cardiac disease or myopathy) and showed homozygosity
for private mutations (Morris et al. 1998; Iacobazzi et al.
2004a; Parini et al. 1999; Ijlst et al. 2001). Outcomes seem
to correlate better with the absence of cardiac disease and a
higher long-chain fatty acid oxidation rate in cultured
fibroblasts than with residual enzyme activity. Cases P2
and P4 are at present in good clinical condition at 4 and 16
years of age; to the best of our knowledge, P4 is the oldest
surviving case of CACT deficiency.

Dietary Treatment and Monitoring

The dietary treatment basically consists of frequent meals,
avoiding fasting, restricting fat, and increasing carbohydrates.
MCT supplementation is a critical component in the
management of these patients. There is no consensus on
fasting, changing from every 3 h in neonates to 8—10 h in
infancy (Spiekerkoetter et al. 2009). Fat intake should be
30% or less of the total caloric value, with 20% as low C10
MCT that do not need the carnitine system to enter
mitochondria and 10% as LCT (lacobazzi et al. 2004b;
Spiekerkoetter et al. 2009; Parini et al. 1999). Low C10 MCT
is recommended due to the evidence that C10 fats require
CACT for oxidation (Rubio-Gozalbo et al. 2004). Some
cases with long-chain FAO disorders (LCHAD, VLCAD,
CPT1, CPT2, and CACT) have been treated with trihepta-
noin, a fatty acid with seven carbon acids, with good results,
especially with respect to myocardiopathy and hypoglycemia
(Roe and Mochel 2006). The essential fatty acids linoleic
acid (3—4%) and linolenic acid (0.5—1%) should be provided,
in a ratio from 5:1 to 10:1, with walnut, canola, linseed,
sunflower, wheat germ, or soy oil; this has been used with
our patients (Spiekerkoetter et al. 2009). Our cases P1 and P3
required supplements of DHA to normalize plasma levels.
Emergency treatment of CACT deficiency in case of
vomiting, diarrhea, fever, or other triggers of catabolism
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Table 4 Mutations in the SLC25420 gene in CACT patients

Nucleotide change

Effect on protein

Phenotype

Geographical region

Reference

¢.59G>A
¢.65_69dup5
c.67 T>C
c.82G>T
c.84delT

c.94G>A
c.106-2A>T
¢.160_163del4ins4

[c.164C>A; c.260C>T]
c.168delT

¢.180delG
¢.199-10T>G

€.262_389del128
c.241G>A
¢.270delC
¢.326+1delG

c.362delG

c.397C>T

c.496C>T

c.528delT
c.532C>T

c.533G>A
¢.536A>G
c.576G>A
c.609-1G>A
€.609-3C>G
€.673_780del110
c.689C>G
c.691G>C

c.713A>G

p-Gly20Asp
p-Leu24Cysfs*107
p-Cys23Arg
p-Gly28Cys
p-His29Thrfs*100

p-Asp32Asn
p-?

p-Gly54_Thr55delinsTrpAla

p-Thr55Asn; p.Ala87Val
p-Phe56Leufs*73
p-Lys61Argfs*68

p.?

p-Vall88Trpfs*53
p.Gly81Arg
p.Phe91Leufs*38

p.?

p.Gly121Alafs*8

p.Argl33Trp

p-Argl66Term

p-Met177Cysfs*12
p-Argl78Term

p-Argl78GIn
p-Asp179Gly
p-Trp192Term
p.?

p.?
p.-Ala225Serfs*27
p-Pro230Arg
p-Asp231His

p-GIn238Arg

Severe (Hmz)

Severe (Hmz)
Mild (Hmz)

Severe (Hmz)

Severe (Hmz)

Severe (Hmz)

Severe (Hmz)

Severe (Hmz)

Severe (Hmz)

Sub-Saharan Africa
Germany

Iran

Pakistan
China/Europe

North Africa
Japan

Spain, Cape Indian

Egypt
Japan, East Asia

Turkey

Netherlands

Turkey

East Asia, Latin America

North America

Italy

France

Spain, North Africa, Turkey

North Africa
North Africa
Japan
France
Middle East
Turkey
France

Germany

Saudi Arabia, Bedouin

Present study (case P1)
Costa et al. (2003)
Wang et al. (2011)
Costa et al. (2003)

Ogawa et al. (2000);
Hsu et al. (2001)

Costa et al. (2003)
Fukushima et al. (2013)

lacobazzi et al. (2004a);
Wang et al. (2011);
Fearing et al. (2011)

Wang et al. (2011)
Wang et al. (2011)
Costa et al. (2003)

Ogawa et al. (2000);
Hsu et al. (2001);
Costa et al. (2003);
Lee et al. (2007);
Fukushima et al. (2013)

Huizing et al. (1998)
Ijlst et al. (2001)
Hsu et al. (2001)

Hsu et al. (2001);
Yang et al. (2001);
Korman et al. (2006)

lacobazzi et al. (2004a);
Korman et al. (2006)

Costa et al. (2003);
lacobazzi et al. (2004a);
Wang et al. (2011)

Costa et al. (1999);
Costa et al. (2003)
Wang et al. (2011)

Wang et al. (2011)

Costa et al. (2003);
Rubio-Gozalbo et al.
(2003); lacobazzi et al.
(2004a); Present study

Costa et al. (2003)
Present study (case P3)
Fukushima et al. (2013)
Costa et al. (2003)
Korman et al. (2006)
Huizing et al. (1998)
Costa et al. (2003)

Costa et al. (2003);
lacobazzi et al. (2004a)

Al Ageel et al. (2003);
Tacobazzi et al. (2004b);
Galron et al. (2004)

(continued)
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Table 4 (continued)

Nucleotide change Effect on protein Phenotype Geographical region Reference
c.718+1G>C p.? Italy lacobazzi et al. (2004a)
¢.752_761del10 p-Asp251Glyfs*3 Wang et al. (2011)
¢.779_781del3 p-Glu260del Wang et al. (2011)
c.804delG p-Phe269Serfs*4 Severe (Hmz) New Zealand Costa et al. (2003);
Wang et al. (2011)
c.823C>T p-Arg275Term Caucasian Wang et al. (2011)
c.842C>T p-Ala281Val Mild (Hmz) Italy lacobazzi et al. (2004a)
c.843+4_+50del p.? Mild (Hmz) Italy lacobazzi et al. (2004a)
¢.897dupC p-Asn300GInfs*24 Mild (Hmz) Netherlands Huizing et al. (1997);
Ijlst et al. (2001)
c.418—?_906+? (25.9 kb del) p.? Caucasian Wang et al. (2011)

The table lists the two novel mutations in bold from this study and the 39 reported mutations (HGMD Professional Release 2013.4: www.biobase-

international.com)

Severe phenotype: severe clinical symptoms (hypoglycemia, acidosis, hyperammonemia + cardiac involvement) before 1 week of age, torpid
follow-up (recurrent decompensation), and fatal outcome <12 months of age
Mild phenotype: survival >12 months of age with normal physical development and no evidence of cardiac disease or myopathy

Hmz mutation in homozygosity

should include oral glucose solutions, glucose polymers or
increased intake of carbohydrates, as well as maintaining
the MCT and carnitine treatment. If the patient does not
improve, 10% i.v. glucose (7—12 mg/kg/min), with insulin
if required and MCT dripped enterally or in several doses,
should be administered (Spiekerkoetter and Duran 2014). In
the case of hyperammonemia, N-carbamylglutamate that
replaces the CPS1 activator N-acetylglutamate can be used,
as we did in P3 with a good response. A central line
catheter for easy access in case of an emergency must be
assessed in each case.

There is no consensus regarding the use of carnitine
administration in CACT. Some authors do not recommend
it because an accumulation of long-chain acylcarnitines
may be toxic for cardiac rhythm (Rubio-Gozalbo et al.
2004). However, other authors recommend its use, even
with high doses of carnitine in decompensation episodes, in
order to restore the mitochondrial pool of coenzyme A
(Brivet 2004). In all of our four cases, carnitine was
administered (30—150 mg/kg/day) in order to maintain free
carnitine in the low-normal level.

Other therapeutic possibilities for milder phenotypes
with some residual CACT activity may be the administra-
tion of statins and fibrates that have been shown to enhance
transcription of the human CACT gene via the peroxisome
proliferator response element site, both separately and
synergistically (Iacobazzi et al. 2009). This approach has
already been used successfully in other FAO defects such as
CPTI or VLCAD (Djouadi et al. 2003; Gobin-Limballe
et al. 2007; Bonnefont et al. 2009).

@ Springer

Evidence-based guidelines for the treatment and monitor-
ing of this specific disease are lacking. Only recommenda-
tions based on the experience of experts on clinical and
biochemical monitoring of patients with FAO disorders have
been published (Spiekerkoetter et al. 2009; Lund et al. 2010).
Follow-up studies have to be performed in metabolic centers.
Clinical evaluation, normalization of transaminases and
creatine kinase, low-normal plasma free carnitine levels,
and decreased long-chain acylcarnitines are considered ideal
markers of treatment. Dietary compliance should be eval-
uated in each checkup. On the other hand, the liposoluble
vitamins and polyunsaturated fatty acid (PUFAS) plasma
levels should be monitored regularly along with annual
cardiologic and ophthalmologic control. However, the best
monitoring of treatment is the clinical evaluation. P2 always
maintains deficient plasma free carnitine levels (<10 pmol/L),
high-normal levels of C16 and C18:1 acylcarnitines, and
mild dicarboxylic aciduria. P4 also had deficient plasma
free carnitine levels up to 7 years of age and thereafter low-
normal levels (15-20 pmol/L). Plasma long-chain acylcar-
nitines have always been increased in this patient.

Final Considerations

CACT deficiency is a very rare FAO disorder; no more than
60 patients have been reported worldwide in the last two
decades. Although significant progress in early recognition
has been made according to clinical symptoms in the
neonatal period, even with expanded newborn screening,
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i.e., detecting C16 and C18:1 acylcarnitines in dried blood
spots, the disease still has a high mortality rate in the first
year of life. Prognosis seems to be better in presymptomatic
individuals identified after a previous affected sibling like
P4 or by NBS. It also depends on good compliance with the
diet as well as urgent adequate medical intervention in
metabolic decompensation episodes. Sometimes, gastro-
stomy or a feeding tube has to be prescribed to ensure that
the energy requirements are met. In cases with frequent
decompensations, a port-a-cath catheter should be installed
for easy access in case of emergency.

There are few data in the literature about the long-term
prognosis of milder clinical cases. The excellent outcome of
P4, now 16 years old, who has never presented with
metabolic decompensation and shows good compliance
with the diet, supports the importance of very early
therapeutic intervention.
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Take-Home Message

Long-term clinical outcome in carnitine-acylcarnitine trans-
locase deficiency seems to be better in those cases with a
very early therapeutic intervention and a good dietary
compliance with diet.
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