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ABSTRACT

Background: Friedreich ataxia (FRDA) is an autosomal recessive disorder caused by guanine-adenine-adenine
(GAA) triplet expansions in the FXN gene. Its product, frataxin, which severely reduces in FRDA patients, leads to
oxidative damage in mitochondria. The purpose of this study was to evaluate the triple nucleotide repeated
expansions in Iranian FRDA patients and to elucidate distinguishable FRDA clinical differences in these patients.
Methods: A number of 22 Iranian patients (8 females and 14 males) from 16 unrelated families were studied. DNA
was extracted from the peripheral blood of patients. The frequency and length of (GAA), repeats in intron 1 of the
FXN gene were analyzed using long-range PCR. In this study, the clinical criteria of FRDA in our patients and the
variability in their clinical signs were also demonstrated. Results: An inverse relationship was observed between
GAA repeat size and the age of onset. Although some distinguishable clinical features (such as limb ataxia and
lower limb areflexia) were found in our patients, 90-95% of them had extensor plantar response and dysarthria. The
results showed only one positive diabetes patient and also different effects on eye movement abnormality among
our patients. Conclusion: The onset age of symptoms showed a significant inverse correlation with allele size in
our patients (P>0.05). Based on comparisons of the clinical data of all patients, clinical presentation of FRDA in
Iranian patients did not differ significantly from other FRDA patients previously reported. Iran. Biomed. J. 18 (1):
28-33, 2014

Keywords: Friedreich ataxia (FRDA), Frataxin, Mitochondria

INTRODUCTION

described by the German investigator Nicholaus

Friedreich, is an autosomal recessive neuro-
degenerative disorder caused by mutations in the FXN
gene which results in reduced levels of the
mitochondrial protein, frataxin. The majority of FRDA
patients (96%) are homozygous for an unstable
guanine-adenine-adenine (GAA) trinucleotide repeat
expansion in intron 1 of the FXN gene, located at 9q13-
q21.1, but a few patients are heterozygous with point
mutations found on the other allele [1].

FRDA encodes for frataxin, a protein of 210 amino
acids with an N-terminal leader peptide which directs
its subcellular localization to the mitochondria [1]. The
FXN gene is expressed at various levels in different
cells due to differences in cellular mitochondrial
numbers. In adult humans, FXN mRNA is most
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abundant in cells of the heart and spinal cord, liver,
skeletal muscle, and pancreas [1]. The highest levels of
FXN mRNA are found in the spinal cord, dorsal root
ganglia, proliferating neural cells, cortical plates, and
ganglionic eminence. FXN mRNA expression is also
high in heart, liver, and brown fat [2, 3].

Frataxin deficiency leads to elevated intramito-
chondrial iron levels and Fe-S cluster-containing
enzymes deficiency, enhanced sensitivity to oxidative
stress [4]. The disease is characterized by gait and limb
ataxia, dysarthria, absence of tendon reflexes,
impairment of positional and vibratory senses,
scoliosis, pes cavus, and also cardiomyopathy, which is
the predominant cause of death in FRDA patients [5].
Additional features include nystagmus, optic atrophy,
deafness, and diabetes mellitus in a minority of patients
[6]. The neuropathology of FRDA shows systematic
differences in comparison with other hereditary
ataxias, with major changes in the spinal cord,
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peripheral nerves, and cerebellum [2]. Degeneration of
the corticospinal and pyramidal tracts results in muscle
weakness and extensor plantar responses [7].

The prevalence of FRDA is approximately 1 in
50,000 in the white population, with a carrier rate of
1:60 to 1:120 [1, 8, 9]. FRDA is only detected in
individuals of FEuropean, North African, Middle
Eastern or Indian origin and is very rare, or inexistent,
in sub-Saharan Africans, Amerindians and Asians [10].
In this study, we aimed to measure the sizes of three
nucleotide repeated expansions and clinically compare
our FRDA patients with other FRDA patients.

MATERIALS AND METHODS

In this study, 22 patients (8 females and 14 males)
from 16 unrelated families that diagnosed with FRDA
were clinically analyzed regarding their clinical aspects
and PCR test. We basically adopted the clinical criteria
of Harding [8] and Geffroy [11]. All of the patients
were informed on the aims of the study and gave their
informed consent to genetic analysis. The patients were
referred to a consultant neurologist in the Medical
Genetics Department, Special Medical Center (Tehran,
Iran) for assessment.

In this report, 22 clinically diagnosed cases (median
age 16.4 years, range 4-29) were described as having
FRDA. Peripheral blood samples were obtained using
EDTA and DNA was purified after lysing the white
blood cells using a DNA extraction kit (DNAfast Kit,
Genfanavaran, Tehran, Iran). The quality of DNA
extracted from blood samples is shown in Figure 1. A
special PCR technique was used to identify FRDA
patients. A Flexigene blood DNA kit (DNA fast,

Fig. 1. Quality of extracted DNA from several different patients.

QIAGEN, Cat. No. 51204) was used for the isolation
of DNA from the blood samples. Long-range PCR was
set up according to the protocol of Expand Long
Template PCR System kit (Roche, Mannheim,
Germany). The primers 5200Eco (5’-GGG CTG GCA
GAT TCC TCC AG-3’) and 5200Not (5’-TAA GTA
TCC GCG CCG GGA AC-3’) generated a 1.5-kb
normal fragment. The GAA repeat length was
calculated according to the size of the PCR product
(457 + 3n bp, where; n shows the number of GAA
triplets) [1]. The PCR conditions were conducted with
initial denaturation at 94°C for 2 min, then 10 cycles of
denaturation at 92°C for 10 s, annealing at 64°C for 30
s and extension at 68°C for 12 min, followed by 25
cycles in which the length of the 64°C step was
increased by 20 s/cycle. This was followed by a final
extension at 68°C for 7 min.

Statistical analysis. Nonparametric statistical method
with Spearman's rank correlation coefficient was used
to assess the relationship between allele sizes and age
of onset of clinical symptoms, where P<0.05 was
regarded as statistically significant. Statistical analyses
were performed using the GraphPad Prism software.

RESULTS AND DISCUSSION

The native nationalities and geographical origins of
our patients were different. All patients had gait and
limb ataxia, abnormalities in tendon reflexes,
impairment of position, and vibratory sense. Foot
deformity and dysarthria approximately were present in
all patients. Ten patients were wheelchair bound. The
expansion size inversely correlated with wheelchair use
[12]. Marked variability of FRDA symptoms between
individuals and within families is related to
intergenerational instability of the GAA expansion
[13].

In our patients, the onset of symptoms occurred
between 2 and 23 years, in which two patients had a
very low and rare age of onset. However, in a previous
study, the age range of patients was 6-31 years [14].
Age of diagnosis varied from 4 to 29 years.
Campuzano and his colleagues [1] reported that the age
of FRDA onset varied from 2 to over 51 years. The
gender, age of onset and diagnosis, number of GAA
repeats, and the most important clinical findings of our
patients are summarized in Table 1.

Parkinson and his colleagues [13] have found
frequencies of clinical features in selected case series
in FRDA patients. We compared clinical manifestation
of our patients with these results (Table 2).

Molecular analysis of the FXN gene in the patients
showed that they were homozygous for a large number
of GAA repeats. The (GAA)n repeats in FRDA
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Table 1. Clinical features of FRDA patients
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01 F None 4 13 17 + + + + + + N _ + _ 384
02 M First 1 11 13 + + + + + + N _ + _ 329
03 M First 1 14 16 + + + + + + N _ + _ 426
04 M None 7 12 25 + + + + _ + ND _ _ _ 566
05 M None 7 17 21 + + + + + + ND _ + _ 269
06 M None 7 7 19 + + _ + _ + N _ _ _ 890
07 M None 1 5 21 + + _ + _+ NS _ _ 947
08 M None 1 6 19 + + -~ None _ + _ _ _ _ 878
09 F First None 12 16 + + _ + _ + NS + _ _ 498
10 M None 1 23 29 + + _ + + + ND _ + _ 247
11 M None 1 15 19 + + B None _ + _ _ _ 584
12 M None 1 15 15 + + + + _ _ _ _ 618
13 F First ~ None 6 25+ + + + + + N+ _ 908
14 F None 3 13 28 + + _ + + + N _ + _ 405
15 F None 1 2 4 + + + + + + N _ + B 981
16 M First 1 12 26 + + + + + + N _ + _ 432
17 F None  None 3 8 + + _ + _ + ND + _ + 812
18 F First 2 13 16 + + + + + + ND _ + _ 479
19 M First 2 9 10 + + + + + + N _ + _ 554
20 M First 1 15 17+ + + + _ N _ _ 360
21 M None 1 8 10 + + + + _+ NS _ _ 714
22 F None  None 6 9 + + + + + + 792

* N:Nystagmus; ND: Nystagmus Dysmetric Saccades; NS: Nystagmus square wave jerks
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Table 2. Frequencies of clinical features of FRDA patients

Ackroyd

Filla Diirr Schols  Lamont  Delatycki  McCabe

Clinical feature No.of  Harding etal. etal. etal. etal. etal. etal. etal. ?‘ér
patients (8] [15] [16] [17] [18] [19] [20] [21] stucy
No. of patients 94 115 12 80 140 38 56 51 58 22
Male : female 1:2 1:1.2 1:1.0 1:0.7 1:1.1 1:14 - 1:0.8 - 1:0.6
Ao at . 797 10.52 5.8 11.6 15.5 14.15 3-30 10.5 10.77
ge at onset (years) : (1.7-27) 39 @23 @s) 36 30 (126 (2-23)
Wheelchair-bound (%) - 72 - 43 - 78 - 55 - 45
Gait ataxia (%) 100 100 100 100 100 100 - 100 100 100
Limb ataxia (%) - 99 100 94 99 100 100 100 - 100
Dysarthria (%) 100 97 75 84 91 100 91 95 93 95
Lower limb areflexia (%) 100 99 100 100 87 84 87 98 86 100
Loss of vibration sense (%) - 73 67 91 78 83 87 88 89 63
Extensor plantar responses (%) 94 89 42 75 79 95 96 74 93 90
Foot deformity (%) 89 55 83 90 55 82 - 74 79 54
Nystagmus (%) 42 20 25 29 40 39 - - 40 45
Diabetes (%) 19 10 - 14 32 6 - 8 7 4.5
patients were observed in both alleles, ranging from Cardiomyopathy and diabetes are two major

247 to 981 GAA motifs. Comparison of the age of
onset with the number of GAA repeats demonstrated a
statistically significant inverse correlation (r = -0.86, n
=22, Fig. 2).

In our study, the size of GAA expansions (mean =
594 GAA units) reflects the instability of this
expansion during transmission. We observed a strong
inverse correlation (r = -0.86) between GAA expansion
size and age of onset in our patients, which confirms
the previous finding [13].

It is important to know which clinical features are
likely to be found in early cases of FRDA. As discase
duration is such an important factor in determining the
presence of certain clinical features in FRDA, Harding
[22] proposed analyzing the frequency of various
physical signs according to the duration of symptoms.
The phenotype associated with the FRDA mutation is
much wider than that defined by clinical criteria [23].

The first symptoms of FRDA patients usually appear
around puberty, but the age of onset can vary from
infancy (2-3 years) to adulthood (after 25 years old).
Gait instability is a typical presenting symptom.
Scoliosis, first diagnosed as idiopathic, is often already
present when neurological symptoms appear [24].
Limb ataxia causes increasing difficulty in activities
requiring dexterity and precision, such as writing,
dressing and handling utensils. Central limb weakness
appears to worsen with FRDA progression, where
patients lose the ability to walk, stand and eventually
sit without support 10 to 15 years after onset, requiring
wheelchairs to carry out everyday activities [25, 17].
Male to female distribution is equal [12].

complications of the disease [26], and some patients
develop skeletal deformation (such as scoliosis and pes
cavus), ocular abnormalities, and hearing loss [27].
FRDA is associated with frequent, subclinical optic
neuropathy [28]. About 20% of patients with FRDA
develop carbohydrate intolerance. Diabetes usually
develops at the late stage of the disease, approximately
after 15 years [29, 30]. We have only 1 positive
diabetic and 21 nondiabetics (less than 5%). Variations
in clinical signs and disease progression observed in
FRDA cases are very extensive and include age of
onset, rate of progression, severity, and duration of the
disease [31, 32]. There is a significant influence of

disease
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Fig. 2. Association between the age of onset and the number
of GAA repeats in patients. Age of onset (years) and number of
GAA repeats is significantly inversely correlated (r = -0.86, n
=22).
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duration on the frequency of presentation of dysarthria,
becoming wheelchair bound, lower limb weakness,
amyotrophy, and decreased vibration sense. No
correlation could be established with the development
of cardiomyopathy, diabetes and extensor plantar
responses, lower limb areflexia and dysarthria, and the
size of GAA repeats with the duration of the disease
[12].

In FRDA-affected individuals with GAA expansions
in both homologues of chromosome 9, repeats ranged
from ~70 to more than 1000 triplets, most commonly
600-900 [3]. The size of expansion is highly variable
from one generation to the next [33]. To date, all
patients with FRDA found to carry such mutations
were compound heterozygotes for the GAA repeat
expansion [13]. The GAA expansion allows
structurally and functionally normal fraxatin synthesis,
in whichthe length of the expansion and the cell type
influences fraxatin levels. In peripheral blood
leukocytes, frataxin levels range from about 5% to
30% of normal. Because the expansion size determines
the level of residual frataxin expression, it has an
influence on the severity of the phenotype [32].

The size of GAA repeats is directly correlated to an
earlier age of onset, more rapid rate of disease
progression, cardiomyopathy, and the presence of
nonuniversal disease manifestations, such as diabetes,
which are indicative of more widespread degeneration
[16]. Distinct clinical manifestations in FRDA patients
such as dysarthria, skeletal deformities, optic atrophy,
and hearing loss show a direct correlation with GAA
expansion size [1, 32]. GAA repeat expansion
determines the clinical phenotype of FRDA by
affecting gene transcription [13].

The size of gene expansion has great impact on the
clinical characterization and outcome of the disease.
The length of the GAA repeat expansion is not only
directly correlated with the severity of the disease but
also has an inverse relationship with the age of onset
and the level of FRDA gene expression [33]. Age of
onset is strongly dependent on the size of GGA
expansion and thus depends on complex I activity and
intracellular ATP content [34]. A lower-than-normal
rate of mitochondrial ATP production and decreased
oxidation activity are seen in patients with FRDA, and
show a strong negative correlation with the number of
GAA repeats in those alleles [35]. Mitochondrial
oxidative stress is involved in the pathogenesis of
several neurodegenerative diseases, including FRDA
[36]. Mutations in the genes encoding NADH
dehydrogenase subunits were more frequent in patients
than in controls. The number of mutations was
negatively correlated with the age of disease onset
[34].

Phenotypic diversity of FRDA is increasingly
expanding. The structure of GAA repeat expansion

together with age of disease onset are important in
determining the clinical features and the differential
diagnosis of FRDA. This study has contributed to a
better understanding of patient condition and its
clinical presentations in Iranian FRDA patients.

The onset age of symptoms showed a significant
inverse correlation with allele size in our patients
(P>0.05). Patients with late onset have significantly
shorter GAA trinucleotide repeat expansions on both
alleles (P>0.05). In our data, we showed some
differences between the clinical criteria in our FRDA
patients and in other studied FRDA patients that were
reported before. We showed some variation in the age
of onset and rate of clinical symptom occurrence as
well as the percentage of clinical manifestation, but we
did not observe any unexpected clinical features. In
summary, comparison of all patient sets of clinical data
indicated that the Iranian FRDA patients not only
differ significantly from people of European, North
African, Middle Eastern, nor Indian origin but also are
significantly different much less than the Middle
Eastern ones.

ACKNOWLEDGMENTS

We would like to thank all the Iranian patients and
their families for their willingness to take part in this
research project.

REFERENCES

1. Campuzano V, Montermini L, Moltd MD, Pianese L,
Cossée M, Cavalcanti F, et al. Friedreich’s ataxia:
autosomal recessive disease caused by an intronic GAA
triplet repeat expansion. Science. 1996 Mar; 271:1423-
7.

2. Pandolfo M. Friedreich ataxia: the clinical picture. J
Neurol. 2009 Mar; 256[suppl 1]:3-8.

3. Santos R, Lefevre S, Sliwa D, Seguin A, Camadro JM,
Lesuisse E. Friedreich Ataxia: Molecular mechanisms,
redox vonsiderations, and therapeutic opportunities.
Antioxid Redox Signal. 2010 Sep; 13(5):651-90.

4. Wilson R.B. Iron dysregulation in Friedreich ataxia.
Neurol. 2006 Sep; 13:166-75.

5. Sacca' F, Puorro G, Antenora A, Marsili A, Denaro A,
Piro R, et al. A combined nucleic acid and protein
analysis in Friedreich ataxia: implications for diagnosis,
pathogenesis and clinical trial design. PLoS ONE. 2011
Mar, 6(3):e17627.

6. Ribai P, Pousset F, Tanguy ML, Rivaud-Pechoux S, Le
Ber I, Gasparini F, et al. Neurological, cardiological and
oculomotor progression in 104 patients with friedreich
ataxia during long-term follow-up. Arch Neurol. 2007
Apr; 64:558-64.

7. Koeppen AH, Michael SC, Knutson MD, Haile DJ,
Qian J, Levi S, et al. The dentate nucleus in Friedreich’s

http://IBJ.pasteur.ac.ir



Iran. Biomed. J., January 2014

Iranian Patients with Friedreich Ataxia 33

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ataxia: the role of iron-responsive proteins. Acta
Neuropatho. 2007 Apr; 114: 163-73.

Harding AE. Friedreich’s ataxia: a clinical and genetic
study of 90 families with an analysis of early diagnostic
criteria and interfamilial clustering of clinical features.
Brain. 1981 Sep; 104:589-620.

Delatycki M.B, Williamson R, Forrest S.M. Friedreich
ataxia: an overview. J Med Genet. 2000 Jan; 37:1-8.
Labuda M, Labuda D, Miranda C, Poirier J, Soong BW,
Barucha NE, et al. Unique origin and specific ethnic
distribution of the Friedreich ataxia GAA expansion.
Neurology. 2000 Jun; 54:2322-4.

Geffroy G, Barbeau A, Breton G. Clinical description
and roentgenologic evaluation of patients with
Friedreich’s ataxia. Can J Neurol Sci. 1976 Nov; 3:279-
86.

Mateo I, Llorca J, Volpini V, Corral J, Berciano J,
Combarros O. Expanded GAA repeats and clinical
variation in Friedreich's ataxia. Acta Neurol Scand. 2004
Jan;109(1):75-8.

Parkinson MH, Boesch S, Nachbauer W, Mariotti C,
Giunti P. Clinical features of Friedreich's ataxia:
classical and atypical phenotypes. J Neurochem. 2013
Aug; 126 Suppl 1:103-17.

Houshmand M, Shafa Panahi MS, Nafisi Sh,
Soltanzadeh A, Alkandari FM. Identification and sizing
of GAA trinucleotide repeat expansion, investigation for
D-loop variations and mitochondrial deletions in Iranian
patients with Friedreich’s ataxia. Mitochondrion. 2006
Apr; 6(2):87-93.

Ackroyd RS, Finnegan JA, Green SH. Friedreich's
ataxia. A clinical review with neurophysiological and
echocardiographic findings. Arch Dis Child. 1984 Mar;
59(3):217-221.

Filla A, De Michele G, Cavalcanti F, Pianese L,
Monticelli A, Campanella G, et al. The Relationship
between trinucleotide (GAA) repeat length and clinical
features in Friedreich Ataxia, Am J Hum Genet. 1996
Sep; 59(3):554-60.

Diirr A, Cossee M, Agid Y, Campuzano V, Mignard C,
Penet C, et al. Clinical and genetic abnormalities in
patients with Friedreich’s ataxia. N Engl J Med. 1996
Apr; 335:1169-75.

Schols L, Vorgerd M, Schillings M, Skipka G, Zange J.
Idebenone in patients with Friedreich ataxia. Neurosci
Lett. 2001 Jun; 306(3):169-172.

Lamont PJ, Davis MB, Wood NW. Identification and
sizing of the GAA trinucleotide repeat expansion of
Friedreich's ataxia in 56 patients. Clinical and genetic
correlates. Brain. 1997 Apr; 120(Pt4):673-80.

Delatycki MB, Paris DB, Gardner R, Nicholson GA,
Nassif N, Storey E, et al. Clinical and genetic study of
Friedreich ataxia in an Australian population. Am J Med
Genet. 1999 Nov; 87(2):168-174.

McCabe D, Ryan F, Moore D, McQuaid S, King M,
Kelly A, Daly K, Barton D, Murphy R. Typical
Friedreich's ataxia without GAA expansions and GAA

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

expansion without typical Friedreich's ataxia. J Neurol.
2000 May; 247(5):346-55.

Harding AE. The hereditary
related disorders (Clinical Neurology and
Neurosurgery Monographs, Volume 6). 1% ed.
Edinburgh: Churchill Livingstone; 1984.
Pandolfo M. Friedreich ataxia, Neurological review.
Arch Neurol. 2008 Oct; 65(10):1296-1303.
Pandolfo 817M. Friedreich ataxia in:
Instabilities

ataxias and

Genetic
Neurological Diseases.
Burlington: Academic Press, 2006.

Montermini L, Andermann E, Labuda M, Richter A,
Pandolfo M, Cavalcanti F, et al. The Friedreich ataxia
GAA triplet repeat: permutation and normal alleles.
Hum Mol Genet. 1997; 6:1261-6.

Santoro L, De Michele G, Perretti A, Crisci C, Cocozza
S, Cavalcanti F, et al. Relation between trinucleotide
GAA repeat length and sensory neuropathy in
Friedreich’s ataxia. J Neurol Neurosurg Psychiatry.
1999 Jan; 66:93-6.

Shapcott D, Melancon S, Butterworth RF, Khoury K,
Collu R, Breton G, et al. Glucose and insulin
metabolism in Friedreich’s ataxia. Can J Neurol Sci.
1976 Nov; 3:361-4.

Noval S, Contreras I, Sanz-Gallego I, Manrique RK,
Arpa J. Ophthalmic features of Friedreich ataxia. Eye
(Lond). 2012 Feb; 26(2):315-20.

Finocchiaro G, Baio G, Micossi P, Pozza G, di Donato
S. Glucose metabolism alterations in Friedreich’s ataxia.
Neurology. 1988 Aug; 38:1292-6.

Holmkvist J, Almgren P, Parikh H, Zucchelli M, Kere J,
Lindgren C.M. Haplotype construction of the FRDA
gene and evaluation of its role in type II diabetes. Eur J
Hum Genet. 2005 Jul; 13(7):849-855.

Corben LA, Georgiou-Karistianis N, Fahey MC, Storey
E, Churchyard A, Horne M, et al. Towards an
understanding of cognitive function in Friedreich ataxia.
Brain Res Bull. 2006 Jul; 70:197-202.

Koeppen AH. Friedreich’s ataxia:  pathology,
pathogenesis, and molecular genetics. J Neurol Sci.
2011 Apr; 303:1-12.

McDaniel DO, Keats B, Vedanarayanan VYV,
Subramony SH. Sequence variation in GAA repeat
expansions may cause differential phenotype display in
Friedreich’s ataxia. Mov Disord. 2001 Nov; 16(6):1153-
8.

Heidari M, Houshmand M, Hosseinkhani S, Nafissi S,
Scheiber-Mojdehkar B, Khatami M. A novel
mitochondrial heteroplasmic C13806A point mutation
associated with Iranian Friedreich’s ataxia. Cell Mol
Neurobiol. 2009 Mar; 29:225-33.

Bradly JL, Blake JC, Chamberlin S, Thomas PK,
Cooper JM, Schapira AH. Clinical, biochemical and
molecular genetic correlation in Friedreich’s ataxia.
Hum. Mol. Genet. 2000 Jan; 9:275-82.

Mattson MP, Gleichmann M, Cheng A. Mitochondria in
neuroplasticity and neurological disorders. Neuron.
2008 Dec; 60:748-76.

and

http://IBJ.pasteur.ac.ir



