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ABSTRACT
Barth syndrome (BTHS) is a rare X-linked disease
characterized by dilated cardiomyopathy, proximal skeletal
myopathy and cyclic neutropenia. It is caused by various
mutations in the tafazzin (TAZ) gene located on Xq28 that
results in remodeling of cardiolipin and abnormalities in
mitochondria stability and energy production. Here we
report on a novel c.285-1G>C splice site mutation in intron
3 of the TAZ gene that was detected prenatally.
Keywords: Barth Syndrome (BTHS); cardiomyopathy; Neutropenia; 3-Methylglutaconin aciduria; Tafazzin
(TAZ) gene.

INTRODUCTION
Barth syndrome (BTHS, OMIM 302060) is a rare
X-linked disease characterized by dilated cardiomyopathy, proximal skeletal myopathy and cyclic neutropenia
and was first described in 1983 by Barth et al. [1]. The
incidence of BTHS is about 1 in 300,000-400,000 births
[2]. It is also presented with organic aciduria, particularly
excess of 3-methylglutaconic acid [1,3]. The excretion of
3-methylglutaconic acid in urine can be highly variable and
is often intermittent. At the moment, 3-methylglutaconic
acid is a biochemical marker for mitochondrial dysfunction
of still unknown origin [4]. Less common features of the
disease include hypertrophic cardiomyopathy, isolated left
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ventricular noncompaction, ventricular arrhythmia, motor
delay, poor appetite, fatigue and exercise intolerance, hypoglycemia, lactic acidosis, hyperammonemia and growth
delay [5,6]. The main cause of death in infants with BTHS
is either heart failure or sepsis due to neutropenia [1,2,5].
Barth syndrome is caused by various mutations in the
tafazzin (TAZ, previously termed G4.5) gene [7], comprising 11 exons and located on Xq28 [8,9]. This gene encodes
a protein tafazzin that plays an important role in remodelling of cardiolipin and phosphatidylglycerol structure [1].
Cardiolipin is a component of the inner mitochondrial
membrane. It stabilizes highly ordered respiratory chain
supercomplexes and optimises energy production in mitochondria [10]. Studies carried out on a BTHS zebrafish model suggest that the expression of tafazzins is both
tissue-specific and age-dependent, and plays an essential
role in cardiac development and function [11,12]. We report a novel splice site mutation in intron 3 of the TAZ
gene in this study.

CASE REPORT
The proband, a 22-year-old primigravida, was referred to the Center for Medical Genetics, Vilnius University Hospital Santariškių Klinikos, Vilnius, Lithuania, at 13
weeks of gestation for genetic counseling because of a familial history of cardiomyopathy. She had three biological
brothers. The first brother was healthy. The second brother
was born after an uncomplicated pregnancy; on the 9th day
after birth, the boy became febrile and was referred to the
intensive care unit because of impaired cardiac function,
where he was diagnosed with endocardial fibroelas-tosis.
Later, the diagnosis was changed to myocarditis. At 4
months of age the boy repeatedly showed symptoms of
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fever and worsened symptoms of myocarditis. He subsequently died due to cardiac failure at 6 months of age.
The third brother of the proband was also born after a
normal pregnancy and was diagnosed with cardiac insufficiency due to endocardial fibroelastosis on the 3rd week
of life after the episode of fever and cyanosis. Since the
heart function was improving significantly, the diagnosis
was changed to myocarditis. He then developed dilated
cardio-myopathy at 5 months of age. Subsequently, at 1
year and 4 months of age the boy presented with an episode
of impaired consciousness and convulsion. At that time
the boy was diagnosed with hypoglycemia, cardiac insufficiency, repeated episodes of neutropenia, growth retardation and hypotonia. Congenital metabolic disorder was
suspected. Biochemical findings included excess amounts
of 3-meth-ylglutaric and 3-methylglutaconic acids in urine
and low free carnitine in blood. As a result, based on clinical, biochemical findings and family history, BTHS was
diagnosed. Genetic testing was not performed at that time.
The boy died at 11 years of age of cardiopulmonary insufficiency due to severe pulmonary infection.
The first trimester ultrasound performed on our proband demonstrated the male sex of the fetus and revealed
no markers of chromosomal abnormalities and no fetal
pathology. Chorionic villus sampling was performed and
molecular tests were carried out. There were no aneuploidies detected and sex chromosomes were XY.
As the clinical diagnosis of BTHS was defined for
our proband’s third brother and the family history highly
suggested an X-linked disorder, genetic analysis was performed on the proband’s fetus. Genetic tests were initiated
in this order because the purpose of genetic counseling
was to investigate if the proband’s fetus had BTHS. Furthermore, as mentioned previously, the third brother of our
proband died 10 years ago and it was not possible to start
genetic testing on the deceased patient. Informed consent

Figure 1. Pedigree of the studied family.

96

was obtained from all family members who participated
in the molecular analyses study.

MATERIALS AND METHODS
A detailed genealogy of the family was constructed.
Inheritance in the presented pedigree was consistent with an
X-linked recessive pattern (Figure 1). The DNA of the proband’s fetus (V:1)was extracted from chorionic villi using the
InstaGene™ Matrix (Bio-Rad Laboratories, Hercules, CA,
USA). The DNA of the proband’s sibling (IV: 12) was extracted from a dried blood spot sample (Guthrie card; Newborn Bloodspot Screening, Wales, Cardiff, UK; http://www.
newbornbloodspotscreening.wales.nhs.uk/) using the InstaGene™ Matrix (Bio-Rad Laboratories). The DNA of other
family members (IV:13, III:8, II:1) was isolated from the venous peripheral blood samples using the phenol-chloroform
extraction method. Amplification using specific primers for
X-linked TAZ gene (NM_ 000116) was performed for the
proband’s fetus (V:1). Polymerase chain reaction (PCR)
primers for exons 1-11 exons and adjacent intronic regions
of the TAZ gene were designed using the Primer3 (http://
bioinfo.ut.ee/primer3-0.4.0/primer3/) program [13,14].
Primer sequences are available from the authors upon request. Family members were tested only for the mutation that
was observed in the fetus (i.e., c.285-1G>C). Amplification
products were electrophoresed with TBE 2.0% agarose gel
and sequenced using a BigDye Terminator version 3.1 cycle
sequence kit (Applied Biosystems, Waltham, MA, USA) on
an ABI PRISM™ 3130xl sequencer.
Results of Mutational Analyses. Sequence analysis
of the TAZ gene identified a hemizygous c.285-1G>C substitution (c.[285-1G>C];[0]) in intron 3 in chorionic villi
DNA of the proband’s fetus (V:1). The same hemizygous
c.285-1G>C mutation was subsequently identified in the
deceased sibling of the proband (IV:12). The mutation was
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detected in proband’s DNA (IV:13) in the heterozygous
form (c.[285-1G>C];[=]) and the carrier status was confirmed. The mother (III:8) and maternal grandmother (II:1)
of the proband also carries the mutation (heterozygous
genotype for this mutation) [Figure 2].

DISCUSSION
To date, more than 220 different TAZ gene mutations
in all exons have been identified [Human Tafazzin (TAZ)
Gene Mutation and Variation Database (last updated March
28, 2015; http://www.barthsyndrome.org/home)], 94 of
which were found in patients with diagnosed BTHS (Human Gene Mutation Database Professional 2015.4; http://
www.hgmd.cf.ac.uk/ac/index.php). Only 13.0% of boys
with BTHS carry de novo mutations [15]. Phenotypegenotype correlations have not yet been identified [16,17].
It has been observed that mutations in the TAZ gene also
result in non syndromic left ventricular non compaction,
endocardial fibroelastosis, X-linked infantile cardiomyopathy and dilated cardiomyopathy. Thus, mutations in

the TAZ gene can result in a broad spectrum of clinical
phenotypes including, but not limited to classical BTHS.
The c.285-1G>C mutation has not been previously
reported in the Human Tafazzin (TAZ) Gene Mutation and
Variation Database (last updated March 28, 2015; http://
www.barth syndrome.org/home). The mutation is predicted to alter the wild type constitutive acceptor splice site.
Most probably the presence of mutation affects splicing
in tafazzin [18]. Family studies showed that the proband,
her mother and maternal grandmother carried the same
mutation. Our proband’s fetus as well as her brother was
affected with BTHS, suggesting that this newly discovered
splice site mutation is an anomaly strongly affecting the
normal function of the tafazzin protein, and thus, is likely
to be pathogenic (Figure 3). An intronic TAZ gene mutation (aberrant splicing and elongation of exon 3 because
of the insertion of 106 bases between exons 3 and 4) has
been reported in a Japanese patient with BTHS, who had
very similar symptoms and course of the disease as the
third brother of our patient [19]. Our proband decided to
terminate the pregnancy. Fetal autopsy was inconclusive.

Figure 2. The TAZ sequencing electrophoregrams showing position c.285-1 of the TAZ sequence (NM_000116) (indicated by an arrow).
(A) The results in the fetus and proband’s sibling: hemizygous mutation (c.[285-1G>C];[0]); A1: forward strand; A2: reverse strand.
(B) The fragments of the TAZ gene sequences of the proband, mother and maternal grandmother: heterozygous form (c.[285-1G>C];[=]);
B1: forward strand; B2: reverse strand.
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Figure 3. The location of the c.285-1G>C mutation of the TAZ gene and its effect on splicing.

Evidence is accumulating that the disorder is substantially underdiagnosed. Historically regarded as a cardiac
disease, BTHS is now considered a multi-system disorder that may be first seen by many different specialists.
Phenotypic variability raises a major challenge, as some
children with BTHS have never showed neutropenia, others lack increased 3-methylglutaconic acid and a minority
has occult or absent cardiomyopathy [20]. Furthermore,
BTHS was described in 2010 as an unrecognized cause of
fetal death. It is recommended that investigation for BTHS
should now be seriously considered in male neonates,
babies and young boys presenting with idiopathic dilated
cardiomyopathy or left ventricular non compaction, and
in males with unexplained ventricular arrhythmia or sudden death [20].
Female carriers are usually healthy and have no cardiovascular pathology. It is however theoretically possible
for a female to develop symptoms of the disease because
of impaired X chromosome inactivation. The only female
ever described with the disease had abnormalities of both
X chromosomes [21]. In this case, the proband, her mother
and maternal grandmother had normal electrocardiograms
and no history of cardiac disease.

CONCLUSIONS
A novel mutation in the TAZ gene was identified prenatally in a family with a clinical diagnosis of BTHS. The
diagnosis for the proband’s third brother was confirmed by
molecular genetic testing and the second brother’s underlying cause of early death was revealed. Mutational analysis
offers the possibility of prenatal genetic counseling and
preimplantation genetic diagnosis for the family.
Declaration of Interest. The authors report no conflicts of interest. The authors alone are responsible for the
content and writing of this article.
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