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Introduction

Malonic aciduria (MIM 248360) is a rare autosomal
recessive disorder caused by deficiency of malonyl-CoA
decarboxylase (MLYCD, EC 4.1.1.9), encoded by the
MLYCD gene on chromosome 16q24 (MIM 606761) [1,
2]. MLYCD catalyzes the decarboxylation of malonyl-CoA
to acetyl-CoA and has an important role in fatty acid
metabolism both in mitochondria and peroxisomes [3].
Increased malonyl-CoA levels resulting from the MLYCD
deficiency inhibit long-chain carnitine acyltransferases and
Krebs cycle [3, 4] (Fig. 1).

Malonic acid is most commonly present in heart mus-
cle more than skeletal muscle, brain, intestine, liver, and
kidney [5]. Thus, MLYCD is characterized by varying
severity of cardiomyopathy, muscle weakness, develop-
mental delay, seizures, short structure, hypoglycemia, and
metabolic acidosis [6, 7].

The diagnosis of malonic aciduria is based on high uri-
nary excretion of malonic, methylmalonic, methylcitric
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We evaluate the clinical findings and the treatment response of a late-diagnosed
case with a novel homozygous insertion c.13_14insG (p.P6Afs*202) result in a
frameshift mutation in MLYCD gene. Both cardiac and neurologic involve-
ments were mild when compared to previously reported cases, and see low-fat/
high-carbohydrate diet treatment is highly effective.
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acids in addition to mild increases in dicarboxylic acids
and elevated levels of malonylcarnitine (C3DC) in tandem
mass spectrometry. Early diagnosis is important to pre-
vent and treat cardiomyopathy which is the main cause
of morbidity and mortality. Similar to fatty acid oxidation
disorders, a high-carbohydrate and low-fat diet is recom-
mended for treatment [8, 9].

The diet should consist of total energy to support nor-
mal weight gain for infants and children and maintain
appropriate weight for height in adults: 10-12% of total
energy from protein and 30% of total energy from fat
(30% long-chain triglycerides — LCTs; 70% medium-chain
triglycerides — MCTs). To avoid the lack of essential fatty
acid (EFA) deficiency, the diet should include linoleic and
a-linolenic acid. The rest of total energy (~ 60-65%)
should be carbohydrate.

The MLYCD gene is located on chromosome 16 and
has five coding exons. Several different mutations have
been described including missense, nonsense, small inser-
tions, and deletions, as well as large genomic deletions.
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Figure 1. Pathways of malonyl-CoA and effects on fatty acid
metabolism and Krebs cycle.

Here, we report a one-year-old boy’s clinical and bio-
chemical findings with a novel homozygous MLYCD
mutation and discuss the treatment and follow-up under
the highlight of the literature.

Case Report

A one-year-old boy was referred to the hospital with fail-
ure to thrive and neuromotor development delay. He was
the first child of consanguineous parents with an unre-
markable family history. He was born at term following
an uneventful pregnancy and delivery. Birth weight was
3000 g. He had phototherapy for physiological jaundice
at postnatal fourth day and experienced no additional
problem. He had no hypoglycemia or acidosis in his med-
ical history.

On physical examination, his weight was under 3rd
percentile, height was between 3rd and 10th percentile,
and head circumference was 50th percentile. He was
mildly hypotonic and exhibited a mild delay in language
and motor development with normal social development.
He was sitting without support for 15 days.

Biochemical investigations were not diagnostic. On his
metabolic screening, free carnitine was 12.3 umol/L (nor-
mal range: 8.6-90 umol/L) and C3DC was 3.78 pumol/L
(normal range: 0-0.6 umol/L). Urine organic acids
showed marked elevation of malonic acid (824 mg/g crea-
tinine; normal range: <30 mg/g creatinine) and methyl-
(124 mg/g
<50 mg/g creatinine) and mild elevation of methylcitric,
adipic, suberic, sebacic, and ethylmalonic acids (41, 65, 58,
22, 15 mg/g creatinine; normal range: <22, <15, <20, <22,
<10 mg/g creatinine, respectively). Homocysteine, folate
and vitamin B12 levels were all within normal ranges.

malonic acid creatinine; normal range:

Echocardiogram revealed left ventricular noncom-
paction cardiomyopathy characterized by deep trabecula-
tion of the left ventricular posterior wall and apex. The

heart muscle lost its normal shape and was mildly dilated.
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Figure 2. Echocardiography: (A) The glob shape of heart. (B) The
trabeculation at left ventricle mainly at apex. Ao, aorta; IVS,
interventricular septum; LVPW, left ventricular posterior wall; LV, left
ventricle.

Cardiac function was normal with ejection fraction of
57% (Fig. 2A and B).

Magnetic resonance imaging of the brain showed
hyperintensity at bilateral dentate nucleus and global cere-
bral atrophy and periventricular hyperintensity and
delayed myelination (Fig. 3A and B).

MLYCD gene sequence analysis was performed with
MiSeq next-generation sequencing (NGS) platform (Illu-
mina, San Diego, CA). Genomic DNA isolation was
performed according to the manufacturer’s standard
procedure with Anatolia magnetic bead kit (Anatolia,
Turkey). Coding exons and flanking regions were
amplified with in-house designed PCR primers,
designed with PRIMERO - Primer
(Scientific & Educational Software programme: Denver,
CO, USA) software. Library preparation was carried out

Designer v.2.0
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Figure 3. Magnetic resonance imaging: (A) Hyperintensity at bilateral
dentate nucleus. (B) Global cerebral atrophy; periventricular
hyperintensity; delayed myelination.

with the Nextera XT kit (Illumina Inc.: San Diego, CA,
USA). Sequences were aligned to the hgl9 genome
within MiSeq Reporter software (Illumina Inc.: San
Diego, CA, USA) and visualized with IGV 2.3 (Broad
Institute: Cambridge, MA, USA) software.

This study showed a novel homozygous insertion
NM_012213: ¢.13_14insG (p. P6Afs*202) result in a fra-
meshift mutation.

We could not found this variant in the literature. In
silico analysis with MutationTaster software predicted this
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variant as a disease-causing mutation (prob: 1). As this
insertion was happened at very first part of the gene, this
variant most probably causes a severe damage on protein
and its function. This variant was not present in 1250
clinical exome sequencing data of our own patients. It
was reported as a likely pathogenic variant. Functional
studies are needed for exact decision.

The patient was started on levocarnitine 50 mg/kg/day
twice daily, and high doses of carnitine were avoided sim-
ilar to fatty acid oxidation disorders. Carnitine dose was
adjusted according to the carnitine profile. A high-carbo-
hydrate/low-fat diet (30% long-chain triglycerides — LCTs;
70% MCTs) was started. Fish oil was supplemented at a
dose of 100 mg/kg/day to provide essential fatty acid.
Anticongestive therapy was not required. In the early days
of the treatment, due to the unpleasant taste he refused
to consume the MCTs. He soon began to thrive. At the
end of the 6 month of the treatment, he had gained
weight and arrived at the 3rd-10th percentile. He began
pulling to stand and walked for several seconds. There
was no deterioration in the trabeculation of left ventricle
and myocardial function. Ejection fraction remained at
58%.

Malonic acid level decreased to 396 mg/g creatinine
(normal range: <30 mg/g creatinine), and methyl malonic
acid and methylcitrate were 56 and 27 mg/g creatinine,
respectively. The metabolites of the Krebs cycle disap-
peared. CD3DC decreased to 1.06 umol/L (normal range:
0-0.6 umol/L). He continued his treatment on high-MCT
diet and levocarnitine.

Discussion

The clinical findings of malonic aciduria due to malonyl-
CoA decarboxylase deficiency involve mainly heart and
skeletal muscles and the central nervous system. This is
described by accumulation of malonyl-CoA, which is a
potent inhibitor of carnitine palmitoyltransferase-I (CPT-
I), causing impaired beta-oxidation of fatty acids in both
mitochondria and peroxisomes [3, 4]. CPT-I enzymes
that are expressed in the heart, skeletal muscle and brain
have the highest affinity to malonyl-CoA [5].
Cardiomyopathy has been reported in up to 40% of
patients with MLYD, similar to fatty acid oxidation disor-
ders [7, 10]. Together with dilated and hypertrophic
types, noncompaction cardiomyopathy is common in
MLYCD. Left ventricular noncompaction (LVNC) is a
clinical heterogeneous disorder characterized anatomically
by deep trabeculations in the ventricular wall, and it is
associated with ventricular dysfunction, arrhythmias, and
embolic events [11, 12]. Although it has been defined as
an arrest of myocardial maturation during embryogenesis,
LVNC can occur in the course of metabolic disease with
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an unexplained mechanism [8]. MLYCD is necessary for
normal sarcomere function and embryological com-
paction of the left ventricular myocardium [13]. MCD
plays different pleiotropic roles in pathways in mitochon-
dria and peroxisome [14, 15]. Echocardiograms of several
patients identified by newborn screening were normal
[16]. Interestingly, trabeculation was at the apex and lim-
ited part of the left ventricular posterior wall of the heart
in this case. The structure of the other ventricular wall
was normal. It is difficult to say whether the LVNC was
congenital or acquired in our patient. Serial cardiac evalu-
ations in patients identified by newborn screening can
highlight the pathogenesis and the course of these compli-
cations in MLYCD. The factors that determine the sever-
ity of the affected heart muscle tissues are unclear. Heart
muscle of our case was affected slightly.

Treatment with carnitine supplementation together
with a low-fat, high-MCT, and high-carbohydrate diet
halts of cardiomyopathy [8, 9, 17]. Medium-chain triglyc-
erides (MCTs) should be at least 70% of the total fat con-
tent of the diet. Reducing the dose of MCTs or
dissonance of the treatment can cause clinical worsening.
The patient’s diet must be absolute, and they should be
screened for complications such as cardiomyopathy,
including patients identified by NBS [18].

During 6 months under the therapy, we observed that
the structure of the myocardium did not exacerbate.

Hypotony depends on both central nervous system
involvement and muscle weakness. It can be said that the
diet therapy also has a positive effect on skeletal muscles.
There is insufficient data concerning the effects of diet
therapy on neuromotor development in published litera-
ture.

Both white and gray matter involvement was demon-
strated together or alone in malonic aciduria [6-8]. Sub-
cortical white matter intensity alterations, delayed
myelination, cortical pachygyria, polymicrogyria, and
periventricular heterotopia were reported in several cases
[19, 20]. Elevated malonyl-CoA level can disturb neuronal
migration and cause cortical dysplasia. Generalized cere-
bral and cerebellar atrophy is one of the prominent imag-
ing findings [6, 21]. High intensities in the basal
ganglions were reported in some patients [6]. To the best
of our knowledge, dentate nucleus hyperintensity has not
been reported previously in MLYCD. Dentate nucleus
involvement is one of the neuroimaging findings of mito-
chondrial impairment, secondary disturbance of mito-
chondrial dysfunction as seen in organic acidemias and
cerebrotendinous xanthomatosis [22-24]. There is addi-
tional evidence indicating MLYCD may cause mitochon-
drial dysfunction [25].

Elevated malonyl-CoA level can cause growth retarda-
tion in utero and also during infancy [26]. Besides short
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structure, failure to thrive appears to be one of the clini-
cal outcomes of MLYCD (unpublished data). Although
the birthweight of our case was normal, his weight gain
halted by the time. He began to gain weight after adjust-
ing to the taste of MCT oil.

Conclusion

Although malonic aciduria is a rare inherited metabolic
disease, diet therapy can prevent complications in cases
identified by newborn screening and facilitate improve-
ment in late-diagnosed cases. In this report, we evaluate
the clinical findings and the treatment response of a late-
diagnosed case with a novel mutation. Both cardiac and
neurologic involvements were mild when compared to
previously reported cases. The treatment is highly effec-
tive.

The definition of natural course, genotype—phenotype
relationship, and the effect of treatment should be the
subject of further studies.
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