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Abstract
Introduction: Friedreich ataxia (FRDA) is a multi-system autosomal-recessive disease, the most
common one of the genetically inherited ataxias. FRDA occurs as a consequence of mutations in the
frataxin gene, with an expansion of a GAA trinucleotide. Ataxia with vitamin E deficiency (AVED) is
characterized clinically by neurological symptoms with often striking resemblance to those of
Friedreich’s ataxia (FA) but serum concentrations of vitamin E are low. Aim of study: To study
clinical and genetic features of the Friedreich’s ataxia and AVED patients in 44 Moroccan families.
Patients and Methods: Retrospective series of 72 Moroccan patients displaying Friedreich’s ataxia
syndrome was recruited over a period of 22 years (1987-2009). All patients had a clinical and
ophtalmological examinations, 30 patients underwent electromyography, and CT scan was performed in 29 patients. GAA repeats in the frataxin gene and the 744 del A mutation α-TTP gene
were performed in all patients. Results: 17 patients (24% of cases) had the 744 del A mutation in
the α-TTP gene responsible of ataxia with vitamin E deficiency (AVED) phenotype. 55 patients
(76% of cases) had GAA expanded allele in the first intron of the frataxin gene. Phenotype-genotype
correlation revealed a high frequency of head titubation, decreased visual acuity and slower disease progression in AVED than in Friedreich’s ataxia phenotype (p < 0.05). Conclusion: Our study
represents a large series which highlight the clinical and genetic differences between AVED and
Friedreich’s ataxia. AVED patients have a better prognosis after alpha-tocopherol treatment.
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1. Introduction

Autosomal recessive cerebellar ataxias are a heterogeneous group of rare neurological disorders involving both
the central and the peripheral nervous systems and in some case other systems and organs, and characterized by
degeneration or abnormal development of cerebellum and spinal cord, autosomal recessive inheritance and, in
most cases, early onset occurring before the age of 20 years [1]. Friedreich ataxia (FA), an autosomal recessive
neurodegenerative disorder, is the most common hereditary ataxia. In 1988, the FA locus was localized on the
chromosome 9 [2]. Most mutations appeared to be unstable expansions of a GAA repeat in the first intron of the
gene [3]. The disorder usually appears before adolescence and is generally characterized by uncoordinated limb
movements, dysarthria, nystagmus, decreased or absent tendon reflexes, Babinski sign, decreased vibration
sense, scoliosis, pes cavus and hammer toes. The diagnostic criteria were revised by Harding to include patients
with onset up to the age 25 [3]. Ataxia with isolated vitamin E deficiency (AVED) is a hereditary ataxia caused
by mutations in the α-tocopherol transfer protein gene, α-TTP. Patients with AVED show clinical signs similar
to those in Friedreich ataxia, including gait and limb ataxia, dysarthria, lower limb areflexia, loss of vibration
and positional sense, and bilateral Babinski sign. In contrast, cardiomyopathy and glucose intolerance are much
less frequent, and head titubation and dystonia are observed in some patients only. Diagnosis is based on the
finding of low serum vitamin E values (<2.5 mg/L; normal values 6 - 15 mg/L) in absence of malabsorption.
The 744 Del A frame shift mutation is the most frequently found defect and is distributed as a result of a founder
effect in North African and southern Italian patients [1].
In this study, we report clinical, genetic features and disease progression in 55 patients of GAA expansion and
17 patients with 744 Del A mutations in 44 Moroccan families. This study represents an extension of a previous
one published in 2002 which included 15 families with 29 patients.

2. Patients and Methods
2.1. Clinical Evaluation
Over a period of 1987 and 2009 to the department of neurology, of Hôpital des Spécialités, Rabat, Morocco, 252
cases of recessive ataxia were recruited. The Ataxia with GAA represented 24.6% of cases, and AVED was
present in 7.5% of cases from autosomal recessive ataxias (ARCA)
72 patients (55 patients with GAA expansion, 17 patients AVED) belonging to 44 Moroccan families displaying Friedreich’s ataxia syndrome were included in our study and the other forms of autosomal recessive cerebellar ataxia were excluded.
All patients were evaluated by means of an operating record (SPATAX EUROSPA proposal on 2009 for diagnostic form for spinocerebellar degeneration).
The patients were examined through a clinical examination, mental status and a standard set of investigations
including a glycemia test and a lipidogram.
All patients had ophthalmological examination. 30 patients underwent electromyography, and Computed
Tomography scan was performed on 29 patients.
Five stages of disease disability were distinguished as previously described (INSERM U289, Fédération de
Neurologie, Hôpital de la Salpétrière, Paris): (SPATAX group).
Stage 0: Patients at risk with normal examination results.
Stage 1: Clinical signs of FA founded at clinical exam.
Stage 2: Functional signs but able to walk unaided.
Stage 3: Clinical and functional signs, and unable to walk without help.
Stage 4: Confined to wheelchair, able to stand but not to walk.
Stage 5: Bedridden: unable to stand.

2.2. Genetics Analysis
All patients underwent a blood sample with the DNA extraction and genetic research analysis of GAA expansion and 744 Del A mutation.
2.2.1. GAA Repeats
GAA repeats in the Frataxin gene were analyzed by Southern blot, as previously described. Ten micrograms of
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genomic DNA was digested with the restriction enzyme BsiHKAI (New England Biolabs), electrophoresis on
0.9% agarose gels, blotted on HybondR N+ membranes and hybridized with an a32P-radiolabeled 463-bp genomic probe containing exon 1 [4] of the Frataxin gene that recognizes a 2.4-kb restriction fragment. This technique allows more accurate assessment of the number of GAA repeats and a better resolution of the two alleles
than the 8.2-kb restriction fragment previously used.
2.2.2. Direct Detection of the 744 del A Mutation
The 744 Del A mutation was detected by MboII restriction digestion of a PCR fragment containing part of exon
3 of the a-TTP gene [5]. The restriction fragments were electrophoresed on a 10% polyacrylamide gel for 4 h,
stained with ethidium bromide and visualized under UV light.
Part of exon C was amplified with the following primers: D,5′GACATTCTTCCTCTGGAATATG-3ꞌ and R,5ꞌ
GATAATCTTCAGACTTCATTATAAA-3ꞌ with 30 cycles of 1 min at 94˚C, 1 min at 54˚C and 1 min at 72˚C.

2.3. Statistical Analysis
Statistical analysis was performed by SPSS.13.0. Quantitative variables were expressed as mean and standard
deviation when the distribution was normal and as median and quartiles when the distribution was not Gaussian.
Qualitative data were expressed as numbers and percentages. The mean frequencies of each sign in the GAA
expansion and 744 Del A groups were compared with the Student’s T-test and Fisher’s exact test, if necessary
and Ki2 test. p was significant if p < 0.05.

3. Results
3.1. Genetic Characteristics
55 of the 72 patients from 44 families with FA phenotypes had GAA expansions in the Frataxin gene. The size
of the expansions varied from 1.3 to 2.5 kb. The mean numbers of GAA repeats were 530 ± 80 on the smaller
allele and 680 ± 80 repeats on the larger allele. The mean size of all expansions was 1.85 ± 0.36 kb.
The other 17 patients had the 744 Del mutation. The MboII restriction site was absent in all the affected patients from the AVED families, but it was found on the normal chromosomes of AVED family members.
In order to correlate disease severity with the type of mutation, the clinical features of both groups of patients
were compared.

3.2. Demographic and Clinical Characteristics of Population Study (Table 1)
Our study is a retrospective series of 72 Friedreich’s ataxia syndrom patients. The average age of our population
was 36 ± 10 years. The average age at the exam was 21 ± 8 years. The age at onset was between 7 and 39 years,
with mean of 15 ± 6 years. There was a slight male predominance (68% versus 32%) with a sex ratio = 2.13.
55 patients of 33 families had FA with GAA expansion, and 17 patients of 11 families had AVED with 744
Del A mutation.
Consanguinity was documented in 23/44 families. Sixteen of the 33 families with FA were consanguineous,
while seven of the eleven AVED families were consanguineous.
All patients had clinical and ophthalmological examinations. The severity of the ataxia was different: 55.6%
of patients were able to walk without help while only 5.6% of cases were confined to bed. Tendon reflexes were
abolished in 87.5% of cases. Lower limb weakness was present in 62.5% of cases while upper limb weakness
was observed in only 18.1% of cases. Dysathria was present in 73.6% of cases. Babinski sign was present in 63,
9% of cases. The amyotrophy was observed in 14% of cases.
Glycemia and lipidogram were normal in respectively 97% of cases and 81% of cases. CT scan was performed in 29 patients, it’s was normal in 12 patients and showed cerebellum atrophy in 17 patients. ENMG was
performed in 30 patients and it’s showed neuropathy in 60% of cases.

3.3. Comparison between AVED and FA Patients (Table 2)
Comparison between the two groups included 55 FA patient with the GAA expansion and 17 AVED patients
with the 744 Del A mutation (Table 2). As expected, the two mutations affected both sexes.
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Table 1. Demographic and clinical characteristics of population
study.
Age (years) mean ± SD

36 ± 10

Age at exam (years) mean ± SD

21 ± 8

Age at onset (years) mean ± SD

15 ± 6

Sex (male)

49/72 (68%)

Consanguinity


FA

16/33 (48.5%)



AVED

7/11 (63.6%)

Gait


Walk without help



Confined to bed

40/72 (55.6%)
4/72 (5.6%)

Abolished tendon reflexes

63/72 (87.5%)

LL weakness

45/72 (62.5%)

UL weakness

13/72 (18.1%)

Dysathria

53/72 (73.6%)

BB signs

46/72 (63.9%)

Amyotrophy

10/72 (14%)

Normal Glycemia

36/37 (97%)

Lipidogram abnormal

7/37 (18%)

CT scan


Normal

13/29 (44.8%)



Atrophy

16/29 (55.1%)

Table 2. Comparison of Clinical characteristics.
FA patients GAA expansion

AVED patients 744 del A

p

Age of onset

15.8 ± 6.7

12.2 ± 3.5

0.047

Mean age of exam

22.2 ± 8.5

17.6 ± 6.6

0.048

Babinski signs

22%

8%

0.61

Head titubation

0/55

12/17

0.000

D visual acuity

9/55

7/17

0.031

Gait

54/55

16/17

0.2

Dysarthria

43/55

10/17

0.1

Malformation

80%

76%

0.5

Amyotrophy

70%

30%

0.043

Severity

24/55

4/17

0.45

Lipidogram anormal

3 /27

4/10

0.1

Electromyography


Normal

11/22

3/8

0.47



Axonal

10/22

4/8

0.47



Demyelinating

1/22

1/8

0.47

16/23

0/6

0.005

CTscan cerebellum atrophy
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 We found that 38/55 FA patients and 11/17 AVED patients were male, but without significant difference (p
= 0.73).
 The ages of the patients ranged from 4 to 43.
 The mean age of examination was 22.2 ± 8.5 for the FA patients and 17.6 ± 6.6 years for the AVED patients
(p = 0.048).
 The mean age at onset of the disease was 15.9 ± 6.7 for the FA patients and 12.2 ± 3.5 for the AVED patients
(p = 0.047).
 The presenting symptom was gait ataxia in all FA patients and in 16/17 AVED patients. But there is no statistically significant difference between 2 groups with (p = 0.2).
 Head titubation was present at the frequency of 70% in the AVED patients and were more frequent than in
the FA patients (p = 0.000).
 Decreased visual acuity was present at the frequency of 42% in the AVED patients and were more frequent
than in the FA patients (16.3%) (p = 0.031).
 In contrast the amyotrophy was more frequent in FA patients than in AVED patients. There was a statistically significant difference between 2 groups with (p = 0.043).
 Weakness in the legs, Babinski signs, dysarthria, malformation were more frequent in FA patients than in
AVED patients, but there is no statistically significant difference between 2 groups with (p = 0.2)
 When disease severity was compared in FA and AVED patients, FA patients had more advanced disease
than the AVED patients but without a significant difference between 2 groups (p = 0.45).
 When patients with the same degree of handicap (stage 2) were compared, onset of the disease (FA patients:
15.8 ± 6.7 and AVED patients: 12.2 ± 3.5) is earlier for AVED patients. These data suggest that FA patients
deteriorate more rapidly than the AVED patients.
 Fundoscopic examination revealed retinitis pigmentosa in 2/17 AVED patients but in none of the FA patients.
 Electromyography in five AVED patients revealed moderate axonal neuropathy in four and both axonal and
demyelinating defects in one case. One of 22 FA patients analyzed by electromyography had severe demyelinating neuropathy. The eight others presented severe axonal neuropathy. In comparison of two groups there
is no significant difference between AVED and FA patients (p = 0.7)
 CT scans were normal in 7/23 FA patients and 6/6 AVED patients in which they were performed. However,
16 FA patients had atrophy of the cerebellum with significant difference between 2 groups (p = 0.005).

4. Discussion
In our series, AVED (11 families, 17 patients) was frequent as FA (33 families, 52 patients), although this must
be confirmed in a larger series of patients (252 Moroccan patients are still under study).
In Friedreich ataxia the clinical variability in age at onset, severity and associated symptoms is due in part to
variability in the size of the GAA expansion (530 - 680). This study follows the one published in 2002 and confirmed the same results [3].
In our series, this variability was observed. In all of patients with negative 744 Del A mutation of alpha-TTP
gene and normal lipid absorption GAA expansions was found.
Phenotypic variability of our AVED patients, who did not fulfill all the criteria for FA [6], appeared greater
than expected. All of them were homozygous for the 744 Del A mutation of the α-TTP gene.
The symptoms in our AVED patients were more severe and earlier than in the series studied by Yokota et al.,
where a His101 Gln mutation might have left residual α-TTP activity [7] [8].
Compared to Cavalier’s AVED patients (28%) [9], we observed that head titubation was far more frequent in
our 744 Del A AVED patients (70%).
Decreased visual acuity was found in 42% of AVED patients but in only 16% of FA patients. This decreased
visual acuity is related to retinitis pigmentosa. It can be the first symptom, before the onset of cerebellar ataxia,
contrasting with Yokota who assumed that duration of deficiency is responsible for retinis pigmentosa phenotypic variation [8]. Decreased visual acuity was not especially caused by His101 Gln mutations in the α- TTP
gene, but also by the 744 Del A mutation [8].
Neuropathy was also less frequent and less severe in our AVED patients than in our FA patients, in whom it
was less frequent than previously described and was not related to disease duration [4]. Zouari et al. analyzed
peripheral nerve conductance in 15 patients with FA and 15 patients with AVED patients. They confirmed that
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axonal neuropathy was more severe in FA than in AVED [10]. The pathological mechanisms appear therefore to
differ in the two diseases.
Cardiomyopathy is the most common systemic finding but seems to be less common in AVED than in Friedreich’s ataxia. The mechanism underlying this pathogenesis seems to be increased oxidative stress. Therefore,
vitamin E deficiency ataxia is more severe in Moroccan patients. The Moroccan AVED presented a phenotype
as severe as typical FA phenotype. Clinical diagnosis of these diseases is very difficult and needed obligatory
molecular analysis [11].
The occurrence of cerebellar atrophy in our study is high compared to other studies [12]. This high incidence
may be explained by the delay in diagnosis of Friedreich’s ataxia.
The largest group of AVED patients is found in North Africa; they share one of the most common mutations
for the α-TTP gene (744 Del A). However, different mutations have been found among various ethnic groups in
Europe, North America and Asia [8]. In a recent study, the first case of ataxia with isolated vitamin E deficiency
has been identified in the Netherlands [13]. An Italian study conducted by Mariotti and coll. involved 16 patients
from 12 families; they have the most common mutations 744 Del A and 513insTT, but two novel pathogenic
mutations have been identified, a truncating mutation (219insAT) and a missense mutation (Gly246Arg). In
spite of the development of spasticity and retinitis pigmentosa in a few patients during therapy, the vitamin E
supplementation allowed a stabilization of the neurological conditions in most of the patients and seems to stop
progression of the disease, and can mildly improve cerebellar ataxia [14]. This result suggests that a prompt genetic characterization of AVED may promote an early effective treatment of the disease.

5. Conclusion
Our study represents a large series, which highlights the clinical differences between AVED and Friedreich’s
ataxia. AVED resulting from the 744 Del A mutation is frequent in Morocco. It is characterized by frequent
head titubation, decreased visual acuity, less frequent neuropathy and slower disease progression and AVED patients have a better prognosis after alpha-tocopherol treatment than Friedreich’s ataxia patients.
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