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ABSTRACT

Background. Carnitine-acylcarnitine translocase deficiency (CACTD) is a rare, autosomal recessive, and highly
lethal fatty acid oxidation (FAO) disorder caused by defective acylcarnitine transport across the mitochondrial
membrane. CACTD is characterized by severe episodes of hypoglycemia and hyperammonemia, seizures,
cardiomyopathy, liver dysfunction, severe neurological damage, and muscle weakness. Herein, we described
the clinical features, biochemical, and molecular findings of three patients with CACTD, presented with poor
feeding, hypoglycemia, liver dysfunctions, and hyperammonemia, but died despite intensive treatment.

Cases. All cases had similar signs and symptoms like poor feeding and respiratory failure associated with
liver dysfunction. Urinary organic acid profiles in the presence of hypoglycemia and hyperammonemia led
us to the possible diagnosis of one of fatty acid p-oxidation defects. Results of the molecular analyses were
compatible with CACTD. In addition to known mutation (c.270delC;p.Phe91Leufs*38) we detected a novel one
(c.408C>A;p.Cys136¥).

Conclusions. All three cases died despite a very intensive therapy. Based on our experience with these three
cases, it can be said that CACTD has a relatively poor prognosis, molecular studies are of most importance in
suspected cases for the final diagnosis and such studies might be of help while giving genetic counselling and
guidance to parents for future pregnancies.

Key words: fatty acid oxidation defects, carnitine, aclycarnitines, carnitine acyltransferases, carnitine
acylcarnitine translocase.

Fatty acid $-oxidation (FAO) to acetyl coenzyme
A in the mitochondrial matrix requires an
energy-yielding pathway controlled by specific
enzymes.! This energy pathway is crucial for
cardiac and skeletal muscles during long-term
exercise and prolonged fasting.? The transfer
of acyl-coenzyme As (acyl-CoAs) through the
mitochondrial membrane needs L-carnitine,
two types of carnitine palmitoyl transferases
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(CPT I and II), and carnitine-acylcarnitine
translocase (CACT), which is a critical enzyme
in the carnitine cycle.® Carnitine-acylcarnitine
translocase deficiency (CACTD) is a rare,
autosomal recessive and highly lethal FAO-
disorder caused by defective acylcarnitine
transport across the mitochondrial membrane,
and characterized by severe episodes of
hypoglycemia and hyperammonemia, seizures,
cardiomyopathy, liver dysfunction, severe
neurological damage, and muscle weakness.**>
Most CACTD cases have developed extreme
metabolic decompensation and unexplained
early death in the first year of their lives.®

691


https://orcid.org/0000-0002-6197-0647
https://orcid.org/0000-0002-1024-3685
https://orcid.org/0000-0002-0283-635X
https://orcid.org/0000-0002-6129-0510
https://orcid.org/0000-0003-1104-9902
https://orcid.org/0000-0001-8260-9984
https://orcid.org/0000-0001-9589-0445
https://orcid.org/0000-0003-2812-9319

Bilginer Giirbiiz B, et al

The gene encoding CACT (SLC25A20) consists
of nine exons, spans about 16.5 kb, and is located
on chromosome 3p21.31.7% At least 42 different
pathogenic/possible  pathogenic mutations,
including 20 missense/nonsense mutations, 10
small deletions, 2 small insertions, 1 small indel,
4 gross deletions, and 5 splicing mutations have
been reported in this gene.® The frequently
reported variation in patients with CACTD
is ¢.199-10T>G splice site mutation in Asian
population.*®® No patients with CACTD have
previously been reported from Turkey.

In this study, we aimed to describe the clinical,
biochemical, and molecular features of three
CACTD patients.

Case Reports

Three patients followed up with a diagnosis of
CACTD were reported. The patients’ data were
retrieved from the hospital’s electronic patient
registry (Nucleus Automation System) and
patient files.

Genetic investigations

Genomic DNA was isolated from peripheral
blood samples (10 ml) using a standard salting-
out method. Whole exomes sequencing (WES)
was performed on patient 1 and WES data
was evaluated by bioinformatics analysis. We
filtered variants according to their minor allele
frequency lower than 1% within different open
access population allele frequency databases
(1000 Genomes Project and dbSNP138). Then,
exonic and non-synonymous variants were
retrieved. We removed variants that were
already found in our in-house variant database.
Variants present in the ‘Genome Aggregation
Database Browser’ (gnomAD) as homozygous
state were ruled out. The novel homozygous
variant in the SLC25A20 gene was visually
inspected using Integrative Genomics Viewer
for patient 1. This novel variant was further
confirmed and familial segregation analysis was
performed by Sanger sequencing. On the other
hand, the gene panel including around 450 genes
accounting for inborn errors of metabolism was
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performed in patient 2 and patient 3. Using this
panel, detected nucleotide changing was also
verified by Sanger sequencing in the SLC25A20
gene for patients 2 and 3.

All three patients were girls, born to young
mothers following 37-39 gestational weeks, and
presented with poor feeding in the first few days
of life. The most remarkable clinical findings of
all patients are summarized in Table I.

Patient 1

This female neonate was the third child of
consanguineous parents whose second baby
died 6w postpartum. Her birth weight was
2,630 g. The patient was hospitalized because
of respiratory failure and poor feeding on the
second day of life. Her laboratory findings
showed hypoglycemia (20 mg/dl; normal
range: 70-130 mg/dl), hyperammonemia (1019
mmol/L; normal value <110mmol/L), elevated
LDH (656 IU/L) and transaminases (ALT 168
IU/L, AST 194 IU/L). LC-MS/MS analysis of her
dried blood sample showed increased levels
of long-chain acylcarnitines, particularly C,,
C c., C acylcarnitines, and decreased

16.17 18 18.1
concentrations of C, free carnitine.

Her diet was adjusted to include medium-chain
triglycerides (MCT) and carbohydrates, limiting
long-chain fatty acids. The blood carnitine levels
before and after carnitine treatments are shown
in Table II. Additionally, the urinary organic
acid analysis demonstrated elevated lactic acid
(0.5-fold), and an increased urinary excretion of
3-OH isovaleric acid (0.5-fold), adipic acid (1.3-
fold), suberic acid (2.5-fold), and sebacic acid
(2.5-fold). Mutation analyses in SLC25A20 gene
(NM_000387.6) revealed a novel homozygous
c408C>A(p.Cys136*) nucleotide change. This
nucleotide changing c.408C>A (p.Cys136%) in
exon4inthe SLC25A20 gene was homozygousin
patient 1 (II-3) and heterozygous in the parents
(I-1 and I-2) and healthy sibling (II-1) (Figs 1A
and 1B). The patient was given a special diet
containing 20-25% fat, and supplemented with
multivitamins, and oral carnitine 30 mg/kg/day,
and advised to avoid long fasting periods. The
patient was discharged on day 16, but she died
at 10 months of life.
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Table I. Characteristics of CACTD patients.

Carnitine-Acylcarnitine Translocase Deficiency

Patient 1 Patient 2 Patient 3
Age of mother (year) 26 32 31
Sex Female Female Female
Birth weight (g) 2,630 3,480 3,540
Gestational age (week) 37 37 39
Parental consanguinity Present Absent Absent
Previous deceased siblings First child One sister died Two brothers died
Day of onset 2nd day of life 1st day of life 10th day of life
Signs and symptoms Poor feedin.g, respiratory Poor feedin'g, respiratory Poor feeding

failure failure
Age at death 10 months 12 months 52 days
Homozygous c.408C>A  Homozygous c.270delC  Homozygous c.270delC

Genotype (p.Cys136%) (p.Phe91Leufs*38) (p-Phe91Leufs*38)
ALT (IU/L) 168 59 80
AST (IU/L) 194 68 147
LDH (IU/L) 656 452 502
Ammonia (mmol/L) 1019 834 1025

ALT: alanine aminotransferase, AST: aspartate aminotransferase, LDH: lactate dehydrogenase.
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Fig. 1. Pedigree of Patient 1 (A), and Sanger sequencing of p.Cys136* (c.408C>A) variant in SLC25A20 gene

(NM_000387.6) among family members (B).

Patient 2

This baby girl was born to non-consanguineous
parents after a normal gestation and delivery,
weighing 3,480 g at birth. Her older sister had
reportedly died two months after birth because
of a suspected but remained undiagnosed
metabolic disease. She presented on the first
day of life with poor feeding, respiratory
failure, hypotonia, hypoglycemia (20 mg/
dl) and hyperammonemia (834 mmol/L). The
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results of LC-MS/MS analysis of a dried blood
sample showed increased levels of long-chain
acylcarnitines, particularly C,  acylcarnitine,
and decreased concentrations of C; free
carnitine (Table II).

Furthermore, the urinary organic acid analysis
showed highly elevated levulinic acid, oxalic
acid, fumaric acid, suberic acid, and adipic
acid, whereas mildly elevated methylmalonic
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Table II. Acylcarnitine concentrations in dried blood spots before and after low dose L-carnitine supplements

treatment.

Acylcarnitine Patient 1 Patient 2 Patient 3 Normal
(mmol/L) Before After Before After Before After range
C, (free carnitine) 4.39 11.89 423 8.65 3.10 15.85 10-60
C,, (myristoil carnitine) 0.45 0.47 0.66 1.86 0.44 0.99 0-0.36
C,, (palmitoil carnitine) 8.04 6.26 12.87 8.94 2.62 3.94 0-1.51
C,,, (palmitoil carnitine) 0.52 0.61 0.95 0.86 0.33 0.60 0-0.27
C,; (steraoil carnitine) 1.41 1.5 1.38 1.31 0.78 0.99 0-0.61
C,, (oleil carnitine) 1.92 1.78 4.01 3.27 2.44 2.72 0-1.51

acid, 3-OH sebacic acid, dodecanedioic acid,
and 5-OH hexanoic acid excretions. Feeding
was initiated with a diet rich in MCT and
carbohydrates, limiting long-chain fatty acids.
The patient received oral carnitine (30 mg/
kg/day). A homozygous c.270delC deletion
(p-Phe91Leufs*38) was detected in the SLC25A20
gene (NM_000387.6). Following supportive
treatment and dietary adjustment, the patient
was discharged on day 42; however, she died at
12 months of life.

Patient 3

This female neonate, the third child of healthy
non-consanguineous parents, was born at full
term. Her birth weight was 3,540 g. Her older
two brothers had died on the second and fifth
days of their lives respectively due to unknown
causes.

In the first ten days of life, the patient was
followed up with suspected diagnosis of
neonatal hepatitis. After ten days, when she
stopped receiving breast feeding, and started
to vomit, hepatomegaly and hyperammonemia
were noted. Her serum ALT, AST, and LDH
levels were 80, 147, and 502 IU/L, respectively.
Blood ammonia was measured as 1025 mmol/L.
LC-MS/MS analysis of her dried blood sample
yielded decreased concentrations of C; free
carnitine and increased concentrations of C,,
C, C,, Cy and C, (Table II). Additionally,
the urinary organic acid analysis showed
elevated adipic acid (2/3-fold), sebacic acid
(1.5-fold), 3-OH sebacic acid (2/3-fold), and
3-OH dodecanedioic acid (1/6-fold) excretions.
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Mutationanalysis of the SLC25A20 generevealed
a homozygous c.270delC (p.Phe91Leufs*38)
deletion. Despite all supportive measures
and dietary adjustment (rich in MCT and
carbohydrates, limiting long-chain fatty acids),
the patient died at on the 52" day of life.

Ethical approval for this study was obtained
from Hacettepe University Faculty of Medicine,
Clinical Research Ethics Committee (GO:
20/530-2020/11-39).

The parents of the patient were informed, and
written and oral consent was obtained according
to the principles of the Helsinki Declaration.

Discussion

CACTD is a rare inborn disorder of the carnitine
cycle that is highly lethal before one year of
age.'” More than 60 patients have been reported
worldwide during the last two decades.® The
clinical features of this disorder are generally
resulted from a
deprivation and endogenous toxicity due to
accumulation of long-chain acylcarnitines."
Brain, liver, muscle, and heart are the primarily
affected organs in this disorder which
accounts for CACTD patients suffering from
neurological abnormalities, muscle damage,
cardiomyopathy, and liver dysfunctions.

combination of energy

In this report, we presented three CACTD
patients, all of whom had similar features,
including liver dysfunctions, respiratory failure,
and poor feeding. Presence of hypoglycemia
and hyperammonemia along with dicarboxylic
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aciduria in urinary organic acid and LC-MS/
MS results led us to consider defects in fatty
acid p-oxidation. As in previously reported
cases, our patients had high blood levels of
ammonia, ALT, AST, LDH, highly elevated
C,, C,, carnitine esters, moderately elevated

16/ 16.1
C]: casnitine esters, and low concentrations
of C, free carnitine."***"" The diets given,
treatment options, biochemical and clinical
features were alike in all three CACTD patients.
Unfortunately, their life spans were limited

despite supportive care efforts.

Genetic mutation analyses of the SLC25A20
gene showed that Patient 1, 2, and 3 have
homozygous mutations: a novel c408C>A
(p-Cys136*) nonsense mutation, which has not
been reported yet and a previously-reported
c.270delC (p-Phe91Leufs*38) frameshift
mutation.”!" Previously reported cases indicate
that c.270delC mutation might be associated
with severe phenotype in patients.'"” In this
study, patients 2 and 3, who had ¢.270delC
mutations showed a severe phenotype that
gives further support to this assumption. These
two patients died on the 12" month and 52™
day of life respectively. Carnitine-acylcarnitine
translocase protein which belongs to the
mitochondrial carrier family consist of 6 trans-
membran a-helices (two in each repetitive
domain) domains. Previously reported in
consanguineous Turkish family as pathogenic
variant ¢.306delC in exon 3 frameshift mutation
give rise to the stop codon at amino acid residue
127 which is predicted to cause premature
protein truncation. This mutant protein that
would lack the second and third transmembrane
domains and would presumably result in
nonfunctional translocase enzyme."

Patient 1, who had a novel homozygous
c408C>A (p.Cys136*) nonsense mutation, had
also severe phenotype, and she died on the
10" month of her life. This truncating mutation
is predicted to occur in the second intra
mitochondrial hydrophilic loop and resulting
protein would lack fourth, five and sixth
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transmembrane domains and would therefore
be completely inactive. Hence, our data further
reinforce that the c.270delC (p.Phe91Leufs*38)
mutation is associated with a severe phenotype
of CACTD and a novelc.408C>A (p.Cys136%)
variation has the potential to be associated with
severe phenotype too.

In this paper, we reported three cases of
CACTD. Although significant progress in early
recognition and appropriate treatment is crucial
and hasbeenmadeaccordingtoclinical signsand
symptoms developing shortly after birth, even
with expanded newborn screening, including
detecting urinary organic acid excretions, and
C, ¢, C,, C, and C  acylcarnitines in
dried blood spots, this disorder has still a high
mortality rate.'®’” On the other hand, apart from
the frameshift mutation ¢.270delC, we identified
a novel c.408C>A nonsense mutation. Almost
all patients with CACTD who had a genotype
of those mutations present with severe clinical
phenotypes. The available evidence clearly
shows that CACTD is generally a highly severe
and lethal metabolic disorder with clinical,
biochemical, and molecular heterogeneity.
Although CACTD causes early neonatal death,
molecular diagnosis is quite imperative for
providing better and effective reproductive
guidance for future pregnancies.
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