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Abstract SUCLA2 encodes for a subunit of succinyl-
coenzyme A synthase, the enzyme that reversibly synthe-
sises succinyl-coenzyme A and ATP from succinate,
coenzyme A and ADP in the Krebs cycle. Disruption of
SUCLA2 function can lead to mitochondrial DNA deple-
tion. Patients with a SUCLA2 mutation present with a rare
but distinctive deafness-dystonia syndrome. Additionally,
they exhibit elevated levels of the characteristic bio-
chemical markers: methylmalonate, C4-dicarboxylic carni-
tine and lactate are increased in both plasma and urine.
Thus far, eight different disease-causing SUCLA2 muta-
tions, of which six missense mutations and two splice site
mutations, have been described in the literature. Here, we

present the first patient with an intragenic deletion in
SUCLA2 and review the patients described in literature.

Introduction

Mitochondrial diseases are a heterogeneous group of
disorders, caused by mutations in mitochondrial DNA
(mtDNA) or nuclear DNA (nDNA). nDNA mutations can
cause instability or a decreased quantity of mtDNA, or
changed functioning of mitochondrial proteins. This will
lead to dysfunction of the respiratory chain in mitochondria,
where ATP is synthesised. Tissues highly dependent on
oxidative energy supply (central nervous system, sensory
organs, skeletal muscles and heart) are therefore most
commonly affected in mitochondrial disease (Menezes et al.
2014).

Infantile mitochondrial encephalomyopathic depletion
syndrome, which is associated with methylmalonic acid-
uria, has been connected to mutations in SUCLA2
(MIM#612073, (Carrozzo et al. 2007; Ostergaard et al.
2007b)) and SUCLG1 (MIM*611224, (Ostergaard et al.
2007a)). These genes encode for subunits of the adenosine
diphosphate (ADP)-dependent isoforms of succinyl-co-
enzyme A synthase (SCS-A). SCS-A is a mitochondrial
matrix enzyme that reversibly synthesises succinyl-co-
enzyme A from succinate and coenzyme A in the Krebs
cycle. The hypothesis is that SCS-A forms a complex with
mitochondrial nucleoside diphosphate kinase, an enzyme
important in the dNTP salvage pathway in mtDNA
replications. Disruption of SCS-A could thereby lead to
impaired mtDNA synthesis and thus mtDNA depletion
(Elpeleg et al. 2005).
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SCS-A is a heterodimer that occurs in a G-SUCL and an
A-SUCL form. They share an invariant alpha-subunit
encoded by SUCLG1. The variable beta-subunit is encoded
by SUCLG2 or SUCLA2 and determines the enzymatic
nucleotide specificity (Johnson et al. 1998). The G-SUCL
form initiates the reversible conversion of succinyl-CoA
and GDP to succinate and GTP. A-SUCL reversibly
converts succinyl-CoA and ADP to succinate and ATP in
the Krebs cycle. A-SUCL is mainly expressed in testis,
brain and skeletal muscle tissue, whereas G-SUCL is
expressed in liver and anabolic tissues (Johnson et al.
1998; Lambeth 2006; Lambeth et al. 2004; Miller et al.
2011).

Mutations in SUCLA2 give rise to a typical but rare
combination of disorders: an early onset dystonia combined
with deafness (MIM#612073, (Carrozzo et al. 2007;
Ostergaard et al. 2007b)). In deafness-dystonia syndromes
( e .g . Mohr -Traneb j ae rg synd rome (TIMM8A ,
MIM#304700, (Jin et al. 1996)), Woodhouse-Sakati syn-
drome (C2orf37, MIM#241080, (Alazami et al. 2010) and
MEGDEL (SERAC1, MIM#614739, (Wortmann et al.
2012)), these features dominate the clinical picture. Other
causes for the rare association of dystonia and deafness are
mitochondrial disorders and organic acidurias. Perinatal
hypoxic-ischemic brain injury, kernicterus, head trauma and
meningoencephalitis account for a small proportion of non-
genetic causes (for review, see (Kojovic, et al. 2013)).

Here, we report one new patient with a homozygous
intragenic deletion of a complete exon in SUCLA2. In
addition, we compared the gen- and phenotypes of all 28
patients previously reported in literature.

Methods

Patients

We report one new patient who was under care of one of
the authors (ADM) and performed a literature review on
PubMed accessed on December 2014. We used the search
term “SUCLA2” and had 44 hits. After reading the
abstracts, eight relevant articles remained (Carrozzo et al.
2007; Elpeleg et al. 2005; Jaberi et al. 2013; Lamperti et al.
2012; Matilainen et al. 2014; Morava et al. 2009; Nogueira
et al. 2015; Ostergaard et al. 2007b). No additional articles
were found in the citation lists of used articles. All
procedures followed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2000. Informed consent
was obtained from all patients for being included in the
study.

DNA Sequence Analysis

DNA was extracted from peripheral venous blood samples
using standard procedures. The complete coding region of
SUCLA2 (GenBank accession#NM_003850.2, chromo-
some 13q12.2-q13.3, 11 exons) was sequenced as described
previously (Carrozzo et al. 2007).

Multiplex Ligation-Dependent Probe Amplification

MLPA (multiplex ligation-dependent probe amplification)
to screen for deletions and duplications of exons 1, 2, 6, 9,
10 and 11 of SUCLA2 was performed using the SALSA
P089 probemix (MRC-Holland, The Netherlands), follow-
ing the manufacturer’s procedures.

Results

The patients’ findings are summarised in Tables 1 and
2 and Fig. 1.

Clinical Report

The male patient was born at term as the 4th child of
consanguineous healthy Turkish parents (first cousins) after
an uneventful pregnancy and delivery. An older sister died
due to cardiac failure at the age of 1.5 years; no more details
have been documented. At the age of 2 months, generalised
muscular hypotonia was noticed, followed by a severe delay
in motor development. At the age of 5 months, hearing loss
became apparent, and sensorineural hearing loss was proven
with brainstem evoked potentials (BAEP). Cranial MRI
findings at the age of 6 months revealed unspecific
enlargement of ventricular system and delayed myelinisation.
Echocardiography, electrocardiogram as well as electro-
encephalogram showed no abnormalities. At the age of 22
months, the patient was unable to sit independently or to turn
himself from the prone to supine position. Proximal
muscular hypotonia with reduced deep tendon reflexes and
hyperkinetic-dystonic movements of his extremities and
facial dyskinesia were noted. Facial features included high-
arched palate, elongate facies and large ears. Eye movements
were free in all directions, and the patient was able to follow
objects. According to his parents, he was able to pronounce
“mum”, but no active speech was observed during clinical
follow-up until 22 months. Feeding difficulties lead to failure
to thrive with metric data for weight and head circumference
on the 3rd percentile and length on the 25th percentile. The
parents refused further academic care and follow-up, and we
only know that the patient is alive at the age of 6 years but
do not have further details.
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Metabolic Findings

Serum lactate was elevated (4.4 mmol/l, normal <2), the
serum amino-acid profile was within the normal range, and
in particular alanine was not elevated. The urinary C4-
dicarboxylic carnitine (C4DC) excretion was strongly
increased, as was urinary lactate (314 mmol/mmol creati-
nine, normal <150) and urine methylmalonate (47 mmol/
mmol creatinine, normal <5). Homocysteine, vitamin B12
and folate in blood were all within normal limits.

Genetic Investigations

Sanger sequencing of the entire coding region of SUCLA2
did not reveal any mutations, with the exception of exon 6

for which no PCR product could be obtained. Therefore, an
MLPA analysis was performed, which confirmed the
presence of a homozygous deletion of exon 6.

Review of Patients Reported in the Literature

A total of 28 patients were reported in literature (Carrozzo
et al. 2007; Elpeleg et al. 2005; Jaberi et al. 2013; Lamperti
et al. 2012; Matilainen et al. 2014; Morava et al. 2009;
Nogueira et al. 2015; Ostergaard et al. 2007b) of whom
nine were female.

In these patients, eight different disease-causing variants
have been described in SUCLA2, two of which are splice
site mutations and six missense mutations (Table 2). All are
found in homozygous state in the affected patients except

Table 1 Clinical, radiological and metabolic findings in patients with SUCLA2 deficiency

Symptoms Patients reported in the literature (n ¼ 28)a This study Total (n ¼ 29)

Signs and symptoms

Gender 19 males, 9 females Male 20 males

Age of onset; birth–6 months 22/24 + 23/25

Age of death (12/28) 6 months–21 years Alive 6 years 6 months–21 years

Muscle hypotonia 27/28 + 28/29

Delayed motor development 27/28 + 28/29

Sensorineural hearing loss 25/28 + 26/29

Dystonia/hyperkinesia 24/28 + 25/29

Absent speech 17/20 + 18/21

Feeding problems 22/28 + 23/29

Failure to thrive 20/27 + 21/28

Progressive spasticity 15/22 � 15/23

Ophthalmoplegia/strabismus/ptosis 17/26 � 17/27

Hyperhidrosis 4/14 NA 4/14

Epilepsy 4/21 � 4/22

Ataxia 1/1 � 1/2

Athetosis 2/2 � 2/3

Increased deep tendon reflexes 1/1 � 1/2

MRI

Cerebral atrophy on MRI 12/24 + 13/25

Cerebellar atrophy on MRI 4/24 � 4/25

Basal ganglia lesions on MRI 18/24 � 18/25

Metabolic investigations

Elevated serum lactate 17/19 (range 0.9–7.5; N < 2.2 mmol/l) + 18/19

Elevated urinary lactate 2/2 (N < 150 mmol/mmol creatinine) + 3/3

Elevated plasma methylmalonate 7/7 (range 0.8–33; N < 0.33 mmol/l) + 8/8

Elevated urinary methylmalonate 17/18 (range “marginal”-212; N < 5 mmol/mmol creatinine) + 18/19

Elevated plasma C4-dicarboxylic carnitine 4/4 (range 0.23–2.2; N <0.6 mmol/l) + 5/5

Elevated urinary C4-dicarboxylic
carnitine

3/3 (N 0.04–0.5 mmol/mmol creatinine) + 4/4

N normal, NA not available
a Carrozzo et al. (2007), Elpeleg et al. (2005), Jaberi et al. (2013), Lamperti et al. (2012), Matilainen et al. (2014), Morava et al. (2009), Nogueira
et al. (2015), Ostergaard et al. (2007b)
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for one patient described with compound heterozygosity
(Carrozzo et al. 2007) and one patient with a mutation of
one of the alleles and a deletion of 13q14 (Matilainen et al.
2014).

Twenty-two of 24 patients presented symptoms within the
first 6 months of life. Life span varies greatly, from 6 months
to 21 years. Most prevalent clinical symptoms are muscle
hypotonia and delayed motor development (27/28), sensori-
neural hearing loss (25/28), dystonia/hyperkinesia (24/28),
absent speech (17/20), feeding problems (22/28), and failure
to thrive (20/27). On MRI, basal ganglia lesions have been
reported in 18 of 24 cases. Cerebral (12/24) or cerebellar (4/
24) atrophy can also be part of the phenotype. The typical
metabolic findings in SUCLA2 deficiency encompass
increased plasma (17/19) and urinary (2/2) lactate, increased
plasma (7/7) and urinary (17/18) methylmalonic acid
as well as increased plasma (4/4) and urinary (3/3) C4DC.

Discussion

Dystonia deafness syndromes are a rare and heterogeneous
group of disorders. Known genetic causes include
Mohr-Tranebjaerg syndrome (TIMM8A, MIM#304700,

(Jin et al. 1996)), Woodhouse-Sakati syndrome (C2orf37,
MIM#241080, (Alazami et al. 2010)) and mitochondrial
disorders, such as MEGDEL syndrome (SERAC,
MIM#614739,(Alexoudi and Schneider 2012)) and
SUCLA2 mutations (MIM#612073, Carrozzo et al. 2007;
for review see (Kojovic, et al. 2013)). We show here that
the dystonia deafness syndrome caused by SUCLA2 dys-
function can also be caused by an intragenic deletion of
SUCLA2.

Our patient presented with the same characteristic
symptoms as other patients with a mutation of this gene.
Most prevalent symptoms of this syndrome, apart from the
dystonia (25/29 patients, 86%) and deafness (26/29, 90%),
are failure to thrive (21/28, 75%), delayed motor develop-
ment (28/29, 97%), muscle hypotonia (28/29, 97%),
progressive spasticity (15/23, 65%) and ophthalmoplegia
(17/27, 63%). Almost all patients present symptoms within
the first 6 months of their lives (22/24, 92%), and in our
patient, this was not different. Because follow-up of our
patient was not possible beyond the age of nearly 4 years, a
description of progressiveness in this specific intragenic
SUCLA2 deletion in comparison to other SUCLA2 muta-
tions cannot be given. Review of the previously described
cases shows there are no patients with a mild disease
presentation and/or course of disease reported to date. In
the patient described in this paper, there was only one MRI
made at the age of 6 months. It showed widening of the
ventricle system, which is fairly unspecific and can be seen
in early stages of many neurodegenerative diseases. MRIs
of patients with SUCLA2 mutations can show no abnormal-
ities or mild cerebral atrophy with widened ventricle system
and subarachnoid spaces in the first year. As patients grow
older, Leigh-like lesions of the basal ganglia appear,

Table 2 Genetic findings in patients with SUCLA2 deficiency

Mutation

Predicted effect of the
mutation on protein
level

Type of
mutation Reference

Country of
origin

c.308C>A p.(Ala103Asp) Missense P I, II (Lamperti et al. 2012) Italy

c.352G>A p.(Gly118Arg) Missense P 2 (Carrozzo et al. 2007) Italy

c.534+1G>A p.(Pro125Valfs*4) Splice P 1–16 (Morava et al. 2009; Ostergaard et al.
2007b)

Faroe Islands

c.751G>A p.(Asp251Asn) Missense P 1,2 (Jaberi et al. 2013) Iran

c.789_802
+29delinsATAAA

p.(Tyr222Lysfs*51) Splice P II6, II7 (Elpeleg et al. 2005) “Israelic
muslim”

c.850C>T p.(Arg284Cys) Missense P 1–3 (Carrozzo et al. 2007) Italy

c.985A>G p.(Met329Val) Missense P 1 (Nogueira et al. 2015) Portugal

c.998A>G p.(Asp333Gly) Missense P 1,2 (Matilainen et al. 2014)a Finland

Deletion of exon 6 p.(Tyr222Lysfs*51) Deletion This study Turkey

a Heterozygous mutation with additional deletion of 13q14 in P2

Fig. 1 The positions of all mutations identified in human
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starting in the putamen and caudate nucleus being the cause
of dystonia development.

Our patient had increased lactate in urine and plasma, as
well as elevated urinary excretion of methylmalonate and
C4DC. Also the biochemical parameters are strikingly
similar amongst patients. The most important indicators
for a SUCLA2 deficiency are a mild increase of methyl-
malonate in plasma and urine in combination with an
abnormal profile of carnitine esters. C4DC in plasma and
especially in urine is elevated. Because of the TCA cycle
defect caused by these mutations, lactate builds up as well.

In conclusion, mutations in SUCLA2 cause one of the rare
but distinctive dystonia deafness syndromes. The clinical
phenotype together with the metabolic findings in blood and
urine is so specific that careful description without further
investigations (e.g. brain MRI) would be enough to classify
patients. Mutation analysis of the SUCLA2 gene will be
necessary to confirm the diagnosis. Both mutations and
intragenic deletions of this gene can cause this disorder. Both
Sanger sequencing and MLPA (or another method to detect
single exon deletions and duplication) of the SUCLA2 gene
is subsequently needed to confirm the diagnosis.

Synopsis

A newly reported SUCLA2 deletion gives rise to a distinct
deafness-dystonia syndrome.
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