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Childhood cerebellar ataxias, and particularly congenital ataxias, are heterogeneous
disorders and several remain undefined. We performed a muscle biopsy in patients with
congenital ataxia and children with later onset undefined ataxia having neuroimaging
evidence of cerebellar atrophy. Significant reduced levels of Coenzyme Q10 (COQ10) were
found in the skeletal muscle of 9 out of 34 patients that were consecutively screened. A
mutation in the ADCK3/Coq8 gene (R347X) was identified in a female patient with ataxia,
seizures and markedly reduced COQ10 levels. In a 2.5-years-old male patient with non
syndromic congenital ataxia and autophagic vacuoles in the muscle biopsy we identified
a homozygous nonsense mutation R111X mutation in SIL1 gene, leading to early diagnosis
of Marinesco-Sjogren syndrome. We think that muscle biopsy is a valuable procedure to
improve diagnostic assesement in children with congenital ataxia or other undefined
forms of later onset childhood ataxia associated to cerebellar atrophy at MRI.

© 2011 European Paediatric Neurology Society. Published by Elsevier Ltd.
Open access under CC BY-NC-ND license.

1. Introduction

Inherited cerebellar ataxias (ICA) in children are an extremely

recessive, autosomal dominant, X-linked and maternally
inherited forms.>?
Autosomal recessive (AR) ataxias are the most frequent

heterogeneous group of disorders. According to inheritance, group of inherited ataxias with onset in childhood, particu-
inherited cerebellar ataxias can be classified into autosomal larly Friedreich ataxia and Ataxia-telangectasia. Different
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criteria have been used to classify these forms.>™* Palau and
Espinos (2006), in a pathogenic and clinically-oriented classifi-
cation, established five subgroups of autosomal recessive
ataxia including childhood and adult onset forms and in this
classification they incorporated the metabolic ataxias,
a growing group of genetically defined disorders.” Clinical
criteria based on age at onset can distinguish inherited cere-
bellar ataxias (ICA) with onset in childhood as following: a)
congenital ataxias (CA), characterized by neonatal hypotonia,
developmental delay and early-onset ataxia, and b) later onset
childhood ataxias (CHA). Moreover all these conditions can be
progressive or non progressive forms, and syndromic or non
syndromic ataxias. Syndromic ataxias have associated symp-
toms such as dysmorphia, oculomotor apraxia, peripheral
neuropathy, deafness, optic atrophy, congenital cataracts, pig-
mented retinopathy, Lebers’ amaurosis, microcephaly, recur-
rent infections, immunodeficiency, that besides are helpful key
signs to define the various conditions and address diagnosis.

Because ICA are neurological disorders resulting from
degeneration or abnormal development of the cerebellum,
brain MRI is of pivotal importance for the subclassification of
cerebellar abnormalities (dysgenesis, hypoplasia and/or
atrophy) adding the potential association with supratentorial
abnormalities.® In cases of cerebellar atrophy, only few main
pathogenetic categories have been defined’:®: metabolic, DNA
repair defects and neurodegenerative, often responsible for
congenital or later onset childhood ataxias.

In a series of patients affected by non syndromic congenital
or later—onset childhood ataxia with neuroradiological
evidence of cerebellar atrophy in whom known forms of
childhood onset ataxia were ruled out by extensive metabolic,
neurophysiological and laboratory examinations, we per-
formed systematically a muscle biopsy in a selected cohort of 34
consecutive patients in order to analyze muscle morphology,
and the mitochondrial respiratory chain enzyme activities
together with the determination of CoQ10 levels in muscle. Our
studies led to a definitive diagnosis in two patients: Marinesco-
Sjogren syndrome in one sporadic patient with apparently non
syndromic congenital ataxia, and another sporadic patient with
a childhood onset non syndromic ataxia with a primary defect
of CoQ10 biogenesis.

2. Materials and methods
2.1. Patients

We have evaluated 68 consecutive children with ataxic
syndromes that were referred to our centre from 1998 to 2008
and we selected a cohort of 34 unrelated patients with unde-
termined cause who showed MRI evidence of cerebellar
atrophy. A group of patients (14 patients, 41%) were classified
as affected by a congenital non syndromic ataxia (CA) whereas
most of them (20 patients, 59%) had undetermined ataxia with
later onset in childhood (CHA). In all patients, family history
was unremarkable for ataxia or other relevant genetic disor-
ders. The brain MRI showed isolated cerebellar atrophy and
extensive laboratory investigations including metabolic
screening tests (isoelectric focusing of serum transferrin,
serum and urine aminoacid chromatography, urinary organic

acid chromatography MS, serum lactate, alpha-fetoprotein),
and echocardiography were negative. Neurophysiologic
examinations excluded a peripheral sensory motor neurop-
athy and other cranial nerve involvement. Patients were fol-
lowed up for at least 5 years. All patients were submitted to
a skeletal muscle biopsy for measuring mitochondrial respi-
ratory chain enzymes and coenzyme Q10 levels. The proce-
dure of the muscle biopsy was approved by or local Ethics
committee. In addition the neurological examination ruled
out other relevant associated symptoms and confirmed that
most (85%) patients with a congenital onset had early-onset
strabismus. Thirthy three patients of our series have been
clinically followed up in a range of 4—12 years and have not
shown any substantial progression of the disease. Only one
patient followed for 3 years and diagnosed with a Marinesco-
Sjogren syndrome has a slowly progressive ataxia.

2.2.  Muscle biopsy

After obtaining an informed written consent, open muscle
biopsies were performed in all patients.

Frozen muscle sections were stained using standard
histochemical and histoenzymatic methods, and when
appropriate were selected for ultrastructural examination.

Mitochondrial respiratory chain enzymes were analyzed
spectrophotometrically in all muscle biopsies. Spectrophoto-
metric measurements of mitochondrial respiratory chain
enzyme activities were carried out as reported with modifica-
tions.? Briefly, approximately 50 mg of muscle biopsy were
homogenized in Tris HCI/KCI (pH 7.4), centrifuged at 800x g for
10min and the enzyme activities assayed on the supernatantsin
a UV double-beam spectrophotometer. The rotenone—sensitive
Complex I activity was measured by following the rate of NADH
oxidation at 340 nm for 1 min. Complex III specific activity was
measured by monitoring the reduction of cytochrome c at
550 nm and the reaction started by adding reduced DB. Complex
IV was assayed by following the oxidation of reduced cyto-
chrome c at 550 nm. SDH was assessed by following the reduc-
tion of 2,6-dichlorophenolindophenol at 600 nm for 1 min in the
presence of succinate. Complex II activity was measured in
the same reaction mixture by adding 50 yM DB and monitoring
the enzyme kinetic for 3 min. The coupled Complex II + Il assay
was also determined by starting the reaction with succinate and
measuring the reduction of cytochrome c at 550 nm. Complex
I + III was performed only in patients who received a muscle
biopsy after 2001.In all muscle extracts the levels of CoQ10 were
measured using the method developed in our laboratory.™®
Summarizing approximately 2 mg of —80 °C frozen fragments
of muscle biopsy specimens were homogenized with 250 L
methanol and 500 pL hexane (containing 50 pL of 100 nmol/L
CoQq as internal standard) in a Potter-Elvehjem type homoge-
nizer and a 5 pL aliquot of hexane extract was immediately
injected into a 150 x 4.6 mm Hypersil-ODS column. Reduced and
oxidized CoQqo was isocratic eluted at a flow rate of 1 mL/min
and the retention times for each analyte was calculated using
external standards at five different concentrations.

CoQ10 levels were measured with a HPLC-system by an
Agilent 1100 Series Liquid Chromatograph with a coulometric
electrochemical detector (Coulochem® II) equipped with
a Model 5020 Guard Cell (-600 mV) and a Model 5011
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