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EDITORIAL

Daniela Iser

11 BEGINNINGS may come with excitement. Suddenly, something is in the

world that wasn't there before. The impact, however, is not necessarily
abrupt; sometimes there were smooth waves announcing it. A treatment for ataxia?
A cure? A few weeks ago, news were sent around the world: idebenone and MitoQ
may reduce the toxic effects of free radicals, A-0001 may help produce significantly
more energy, other drugs may increase frataxin levels... People with Friedreich’s
ataxia are badly waiting for their beginning, for a moment when creating plans for a
personal future is no longer absurd. Inside this issue, there is an update on research
into FA, and a petition that will help to raise funds for it, so that the dream of a
beginning may soon come true. The Swiss company Santhera is reporting on trials
with Idebenone, but there are comments from France that actually question the
effects of this compound.

What about the other ataxias? There, the waves still make a huge ocean, with no
shore in sight. One of these waves bears the name of “dysphagia’. Find inside an
article on it in SCA2, SCA3 and SCA7, but a reading of the report is useful for
managing swallowing problemsin general. Another of these wavesis called “cancer
risk”, and there is much research done into it as well as on other relevant issuesin
Ataxia Telangiectasia, as we can see in the report on the 2005 International
Workshop.

Gene therapy may, in the process of time, make a beginning as treatment or
cure, but thisis still along way off. We can read a brief account of the difficulties
and potentials.

Members of euro-ATAXIA give an account of their activities or present them-
selves: Ataxia UK with incredibly useful approaches for ataxia patients in laby-
rinths of diagnose and counselling, and the Swiss associations aCHaf and SGMK.

The essay in this issue shows that ataxia is awell ignored condition still even in
a modern European city. Something has to be done. Professionals must know what

ataxiais. It is an appeal to euro-ATAXIA:
set up an appropriate network with
detailed information, so that patients
never feel helpless or alone.

My own new beginning after four
years of editorial work for euro-ATAXIA
is blue and has three wheels. Indepen-
denceis so exciting!

Let me give my thanks to euro-
ATAXIA for having provided me with a
wonderful  platform  for  countless
interesting contacts, for my beloved
working with words and texts, and for
making myself useful. It's been a
pleasure!
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CLINICAL DEVELOPMENT OF SNT-MC17 (IDEBENONE) FOR FRIEDREICH'S ATAXIA (FRDA)

Dr. Thomas Meier, Chief Scientific Officer at Santhera Pharmaceuticals, Switzerland. www.santhera.com

thera Pharmaceuticals, a Swiss biopharmaceutical
ompany focused on developing treatments for
neuromuscular diseases, has recently announced further
clinical trials on its product SNT-MC 17 (idebenone) for the
treatment of Friedreich’s Ataxia. This article will give some
background to this product and the various trials, both
underway and planned which are designed to assess its effects
on the cardiac and neurological symptoms of FRDA.

The idea of using SNT-MC 17 (idebenone) in the
treatment of FRDA is based on a number of academic studies
including those by Prof. Pierre Rustin and his team in Paris
who in 1999 showed for the first time that idebenone can
reduce hypertrophic cardiomyopathy in FRDA. Since then
severa clinical investigatorsin France, Switzerland, Germany,
Spain and Italy have contributed to our understanding that
idebenone can slow down or actually revert FRDA -associated
cardiomyopathy as long as the treatment lasts for at least 6
months with minimal dose of 5mg/kg/day. In addition, there
has some evidence, although only documented anecdotally at
this stage, that idebenone could have a therapeutic effect on
the neurological symptoms of FRDA.

The existing large body of clinical evidence combined
with the excellent and well documented safety profile of this
compound underpins Santhera Pharmaceuticals decision to
initiate a clinical development program for SNT-MC17
(idebenone) in FRDA. Santhera has been granted orphan drug

designation for idebenone and has obtained guidance for the
design of a well-controlled multicenter Phase Il trial in
Europe as well as the selection of primary study endpoints by
the European Medicines Evaluation Agency (EMEA). In this
trial, which will start soon, we intend to treat patients using
our proprietary 60 and 150 mg tablets. We anticipate including
three different dose arms of SNT-MC17 (idebenone) allowing
us to test for efficacy on neurological parametersin parallel to
the assessment of cardiac measures over the one year
treatment period.

In addition to the clinica studies of SNT-MC17
(idebenone) in Europe, Santhera has also started a
collaborative clinical trial together with the National Institute
of Health (NIH) in the USA. Under the collaboration the NIH
will conduct the clinical trial, which is expected to enroll 48
patients with FRDA and last six months. The primary
endpoint of the study is the reduction of oxidative stress
markers. Importantly, this study also aims to analyze changes
in several neurological and functional measures under
idebenone treatment. These will be evaluated as secondary
endpoints of the study.

In summary, Santhera has initiated a comprehensive
clinical development program in Europe and the USA and
ams ultimately to obtain approval for SNT-MC17
(idebenone) which is currently the only pharmacological
treatment option with clear clinical proof of efficacy in FRDA.

SPINOCEREBELLAR ATAXIA TYPES 2, 3 AND 7: DYSPHAGIA AND DEGENERATION OF
BRAINSTEM NUCLEI INVOLVED IN THE INGESTIVE PROCESS

Udo Rub*, Ewout Brunt?, Ludger Schols®, Thomas Deller’, Rob A.l. de Vos®* *

he spinocerebellar ataxias type 2 (SCA2), type 3 (SCA3)

and type 7 (SCA7) are among the autosomal dominantly
inherited ataxias, are assigned to the group of CAG-repeat or
polyglutamine diseases, and are characterized by expanded
(CAGnN) trinucleotide repeat sequences at specific gene loci
(SCA2: chromosome 120g23-p24.1; SCA3: chromosome
14924.3-q32.2; SCA7: chromosome 3pl2-p21). The
pathologi-cally expanded CAG-repeats encode specific
disease proteins with elongated polyglutamine tracts (SCA2:
ataxin-2; SCA3: ataxin-3; SCA7: ataxin-7). In healthy
individuals the SCA2 gene comprises 14-31 CAG-repeats, the
SCA3 gene 12-40, and the SCA7 gene 4-35. In affected
individuals the SCA2 gene is expanded to 35-59, the SCA3
geneto 56-84, and the SCA7 gene to 38-460 CAG-repeats.

DYSPHAGIA IN SPINOCEREBELLAR ATAXIAS
TYPE 2 (SCA2), TYPE 3 (SCA3), AND TYPE 7 (SCA7)

Ingestive dysfunctions leading to dysphagia can cause nutri-
tional deficiencies, weight loss and dehydration (i.e. dearth of
body fluid). Dysphagia, is arisk factor for aspiration pneumo-
nia (i.e. inflammation of the lungs caused by swallowing up
foods or fluids), which represents a frequent and serious com-
plication of neurological disorders. In humans, the ingestive

process is made up of four phases. During the first phase,
foods and liquids, including the amount of each, are chosen
(so-called “anticipatory phase’). The second phase involves
sensory the evalution of foods and fluids, mastication, and
transfer by means of the tongue (“lingual phase of
swallowing”). During the third phase foods and fluids are
delivered from the oral cavity towards the pharynx under
airway protection (“pharyngeal phase of swallowing”) (Figure
1) and finally, during the fourth phase are transported from the
esophagus to the stomach (*esophageal phase of swallowing”)
(Figure 2). Although it has long been known that dysphagia
may be a disease symptom of SCA2, SCA3, and SCA7, there
are no clinical records showing which kind of ingestive
malfunctions contribute to dysphagia in SCA2, SCA3 and
SCA7 patients and no postmortem studies of brainstem
regions involved in the ingestive process. Improvement of
clinical knowledge, however, as to which types of ingestive
malfunctions contribute to dysphagia in SCA2, SCA3 and
SCA7 patients may have direct and important consequences
for management of dysphagia and specific treatment strategies
aimed at preventing aspiration pneumonia, weight loss and
dehydration.
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CLINICAL FINDINGS IN DYSPHAGIC SCA2, SCA3
AND SCA7 PATIENTS

Recently, we evaluated the medical records of eleven
dysphagic patients that suffered from clinically diagnosed and
genetically confirmed spinocerebellar ataxias (two SCA2,
seven SCA3, and two SCA7 patients) and performed a
systematic postmortem study of their brainstem nuclel (i.e.
circumscribed accumulations of specific types of nerve cellsin
the lower parts of the brain) (Figures 1 and 2) involved in the
ingestive process. All of these SCA patients, along with gait,
stance and limb ataxia, suffered from dysarthria, impaired
slow and rapid eye movements, and progressive dysphagia. In
addition, the medical records of several SCA patients
described the following malfunctions harmful to the ingestive
process: weakness and ataxia of chewing muscles, weak and
impaired movements of the facial muscles, dystonia of facial
and head muscles, the occurrence of choking, absence of the
cough reflex, reduced pharyngeal reflexes, absent contraction
of the muscles of the pharynx, slowed and impaired raising of
the larynx, weak and slowed movements of the tongue,
penetrance of foods and fluids into the nose, inability to
initiate the swallowing act and impaired opening of the upper
esophageal sphincter (i.e. a ring-like muscle surrounding the
opening of the esophagus).

Four of our SCA patients (three SCA3 and one SCA7 pa-
tient) were fed using a percutaneous endoscopic gastrostomy
(PEG) and two (one SCA2 and one SCA3 patient) by means
of a nasogastric tube. Eight of the eleven SCA patients (one
SCA2, six SCA3 and one SCA7 patient) suffered from repea-
ted aspiration pneumonias, whereby aspiration pneumonia
occurred in all patients fed by PEG or nasogastric tube. Aspi-
ration pneumonia was the most frequent cause of death,
leading to demise of seven of our SCA patients (six SCA3 and
one SCA7 patient). Other causes of death included respiratory
failure in one of the SCA2 patients, and dysphagia-related
dehydration in another SCA2 patient, one SCA3 patient com-
mitted suicide and one SCA7 patient died from heart failure.

DAMAGE TO INGESTION-RELATED BRAINSTEM
NUCLEI IN DYSPHAGIC SCA2, SCA3 AND SCA7Y
PATIENTS

The postmortem study of the ingestion-related brainstem
nuclei revealed their widespread involvement in our SCA
patients (Figures 1 and 2). In the SCA2 and SCA3 patients in
addition to the brainstem nuclei subserving oral sensory
evaluation of foods and fluids, mastication, and tranfer by
means of the tongue, all of the nuclel involved in the delivery
of foods and fluids toward the oral cavity and their subsequent
transfer through the pharynx and to the stomach underwent
loss of nerve cells (Figure 1). With the exception of two nuclei
involved in the pharyngea and esophageal phases of
swallowing these same brainstem nuclei likewise showed
nerve cell lossin the SCA7 patients examined (Figure 2).

FUNCTIONAL CONSEQUENCES OF DAMAGE TO
BRAINSTEM NUCLEI INVOLVED IN THE INGES
TIVE PROCESS

These pathological findings for the first time show that
dysphagia in SCA2, SCA3 and SCA7 patients is associated

with considerable damage to a variety of ingestion-related
brainstem nuclei and sufficiently explain why a variety of
malfunctions harmful to oral sensory evaluation, mastication
and lingual transfer, delivery of foods and fluids toward the
oral cavity and their transfer through the pharynx were present
in the SCA patients studied. Furthermore, in view of the
additional damage to our patients brainstem nuclel crucial for
the transport of foods and fluids from the esophagus to the
stomach, it is possible that our SCA patients also suffered
from malfunctions of the esophageal phase of swallowing,
which were overlooked by the patients, their care-givers and
upon neurological examination.

APPROPRIATE MANAGEMENT OF NEUROGENIC
DYSPHAGIA AND FUTURE RESEARCH IN SCAZ2,
SCA3 AND SCA7

Our neuropathology-based study indicates for the first time
which kinds of malfunctions possibly contribute to dysphagia
in SCA2, SCA3 and SCA7. These indications may have direct
consegquences for management of dysphagia and treatment
strategies aimed at preventing aspiration pneumonia, weight
loss and dehydration. Current treatment strategies of
neurogenic dysphagia (i.e. dysphagia caused by centra
nervous dysfunctions) include feeding by means of
percutaneous endoscopic gastrostomy (PEG) or nasogastric
tube, parenteral nutrition, and rehabilitative swallow therapy.
Rehabilitative swallow therapy is recommended for all
patients with neurogenic dysphagia, regardless of the
characteristics of assumed brainstem lesions, type and degree
of aspiration or mental status. It has been shown to be helpful
in making swallowing more effective and safe by avoiding
aspiration and the recurrence of aspiration pneumonia, and
comprises: modification of food and fluid consistencies,
altering bolus preparation, practicing maneuvers suitable to
increased eating and swallowing efficiency, improving
somatomotor activity during al phases of the ingestive
process, and counselling of the patient and/or their caregivers.
The appropriate management of dysphagia requires a detailed
clinical assessment of the ingestive process. Based on the
results of our and other studies, this assessment should check a
number of parameters. the patient’s physical and cognitive
state, voice quality and dysarthria, hand-mouth-coordination,
drinking and eating of foods independently of foods or liquids
of disparate consistence, tastes and temperatures, activity of
facial muscles and the tongue, mastication, position and
symmetry of the soft palate, degree of laryngeal elevation and
excursion, ability to produce voluntary cough and presence of
an adequate cough reflex, effort required to swallow, signs of
respiratory distress, coughing or choking with swallowing,
and oral, nasal and pharyngeal residues.

In over 70% of our SCA patients dysphagia was associated
with repeated aspiration pneumonias, whereby aspiration
pneumonia occurred in al patients fed by PEG or nasogastric
tube. In addition, aspiration pneumonia was the most frequent
cause of death in our sample of SCA patients (i.e. in over 60%
of our SCA patients). These clinical findings confirm previous
reports that feeding by PEG or nasogastric tube allows
maintenance of nutritional status and avoidance of weight
loss, but long term does not allow prevention of aspiration in
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patients with neurogenic dysphagia. Since aspiration
pneumonia apparently represents a frequent and significant
complication and cause of death in patients suffering from
neurogenic dysphagia (1) the practice of PEG and tube
feeding in neurodegenerative diseases (i. e. central nervous
diseases caused by damage to nerve cells and/or fiber tracts) is
recommended to be carefully reconsidered, (2) PEG and tube
feeding ought to be viewed as a temporary management
strategy more often than is seen in current clinical practice, (3)
re-instituting careful oral feeding as soon as possible is
recommended, and (4) research on prevention of aspiration
pneumonia should be given the same importance as those
investigations that focus on symptomatic treatment of
aspiration pneumonia. In view of the clinical findings of our
study this kind of preventive research is imperative in SCA2,
SCA3 and SCA7, should include further clinical studies and
should consider the possibilities of rehabilitative swallow
therapy that takes the specific functional consequences of the
underlying brainstem lesions responsible for ingestive
malfunctions into account.
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FIGURE 1: DAMAGE TO THE BRAINSTEM NUCLEI
INVOLVED IN THE INGESTIVE PROCESSIN SCA2
AND SCA3

(A) Median view of a mediosagittal section through the
human brain. Dashed lines drawn through the brain-stem
indicate the sectional plane of the sections presented in Figure
1 B-E (line B - sectional plane of the section in Figure 1 B,
line C - sectional plane of the section in Figure 1 C, line D —
sectionnal plane of the section in Figure 1 D, line E - sectional
plane of the sectionin Figure 1 E).

(B) The caudal portion of the mesen-cephalic trigeminal
nucleus (MEV) together with the principal (PV) and motor
trigeminal  nuclei  (MOV). For

orientation, see Figure 1 A.

(C) The middle portion of the facial
nucleus (VI1) and rostral portion of the
parvocellular reticular nucleus
(PCRT). For orientation, see Figure 1
A.

(D) The middle portion of the solitary
nuclei, spina trigeminal nucleus
(SPV), dorsal motor vagal nucleus
(DMV), ambiguus nucleus (A),
hypoglossal nucleus (XIlI) and
intermediate reticular zone (IRZ). For
orientation, see Figure 1 A.

(E) The commissural (COM) and
paracommissural  solitary  nuclei
(PCOM), ambiguus nucleus (A),
spinal  trigeminal nucleus (SPV),
hypoglossal nucleus (XIlI) and
intermediate reticular zone (IRZ). For
orientation, see Figure 1 A.

(Abbreviations: A — Ambiguus nu-
cleus; AR — Arcuate nucleus, B —
Reticulotegmental nucleus of the pons
(Bechterew); CC — Centra ca-nal;
COM — Commissural solitary nucleus;
CU — Cuneate nucleus; DMV — Dorsal
motor vagal nu-cleus; DPGI — Dorsal
paragiganto-cellular reticular nucleus;
DR — Dorsal raphe nucleus, DRT —
Dor-sal reticular nucleus, ECU -
Exter-nal cuneate nucleus;, G -
Gelatinous solitary nucleus;, GI —
Gigantocellu-lar reticular nucleus;, GR
— Gracile nucleus; IC — Intercalated

4



EUro-ATAXIA

No. 28 — December 2005

nucleus; ICP — Inferior cerebellar peduncle; IOD — Inferior
olive, dor-sal subnucleus; IOM — Inferior olive, media
subnucleus; 10P — Inferior olive, principal subnucleus; IP —
Interpositus nu-cleus; IRZ — Intermediate reticular zone; LRT
— Lateral reticu-lar nucleus, LV — Lateral vestibular nucleus;
M — Mediad soli-tary nucleus; MEV — Mesencephalic
trigeminal nucleus; MEV — Mesencephalic trigeminal tract;
MLF — Medial longitudinal fascicle; MOV — Motor trigeminal
nucleus; MRT — Media reticular nucleus; MV — Media
vestibular nucleus; PBB — Pon-tobulbar body; PC —
Parvocellular solitary nucleus; PCOM — Paracommissural
solitary nucleus, PCRT — Parvocellular reti-cular nucleus, PG
— Pigmented solitary nucleus; PN — Pontine nuclei; PNC —
Pontine reticular formation, caudal nucleus; PPH — Prepositus
hypoglossal nucleus; PV — Principal trige-minal nucleus; PYR
— Pyramidal tract; RO — Nucleus of Rol-ler; RMG — Raphes
magnus nucleus; SCP — Superior cerebel-lar peduncle; SOL —
Solitary tract; SPV — Spinal trigeminal nucleus; SPV — Spinal
trigeminal tract; SV — Superior vesti-bular nucleus; V —
Trigeminal nerve; VII — Facial nucleus; X1l — Hypoglossal

nucleus)

The ingestion-related brainstem nuclei which undergo nerve
cell loss in SCA2 and SCA3 are surrounded by continuous
lines and are underlined by gray shading.

Functional remarks: Oral sensory evaluation, mastication,
lingual searching and lingual transfer activities during the so-
called “preparatory phase of the ingestive process’ are gua-
ranteed by the mesencephalic, principal, spinal and motor tri-
gemina nuclei, and the facial and hypoglossal nuclei. Deli-
very of foods and fluids toward the oral cavity during the “lin-
gua phase of swalowing” is accomplished by the mesence-
phalic, principal, spinal, and motor trigeminal nuclei, the fa-
cial, ambiguus, hypoglossal, pigmented solitary and parvo-
cellular solitary nuclei, the parvocellular reticular nucleus and
the intermediate reticular zone. The facial, ambiguus, hypo-
glossal, media solitary, pigmented solitary and commissural
solitary nuclei, the parvocellular reticular nucleus and inter-
mediate reticular zone are crucia for the transfer of foods and
fluids through the pharynx during the

“pharyngeal phase of swallowing”,
whereas the ambiguus and dorsal motor
vagal nuclel are crucia for their
peristaltic transport from the esophagus
to the stomach during “esophageal phase
of swallowing”.

FIGURE 2. DAMAGE TO THE
BRAINSTEM NUCLEI INVOLVED
IN THE INGESTIVE PROCESS IN
SCA7

The ingestion-related brainstem nu-clei
which undergo nerve cell loss in SCA7
are surrounded by dashed lines and
underlined by gray shading. For
abbreviations and functional remarks, see
Figure 1.
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FRIEDREICH’'S ATAXIA — IDEBENONE AND THE ROLE OF ANTIOXIDANTS

Héléne Puccio, PhD, Research associate INSERM, Strasbourg *

fter the identification in 1996 of the defective gene in

Friedreich ataxia, substantial work in many different
laboratories have been undertaken to understand the
mechanism of the disease, construct mouse models and design
tentative therapies. Friedreich ataxia is caused by a GAA
trinuclectide repeat expansion located outside the coding
region of the gene. For this reason, the encoded protein named
frataxin is of normal size but is produced in very reduced
amounts due to the expansion mutation. We have shown in a
mouse model that having no frataxin at all is lethal very early
in embryonic development. The disease in patientsis therefore
the consequence of having but very small amounts of the
normal frataxin protein.

Frataxin is a protein of the mitochondria, a compartment of
the living cells where energy released from the food is
transferred to the cell's fuel, ATP, by electron transport
through a structure called the respiratory chain. The function
of frataxin has been clarified in the past two years. Frataxin is
the main protein partner binding itself to Isul, a major protein
involved in a process caled iron-sulfur (Fe-S) cluster
assembly (work of the groups of R. Lill, Germany, F. Foury,
Belgium and JA. Cowan, USA). These Fe-S clusters are,
among other things, involved in the electron transport in the
respiratory chain for providing energy to the cell. The specific
deficiency of Fe-S clusters in the affected tissues of Friedreich
ataxia patients (identified as early as in 1997 by the group of
P. Rustin, Paris) is therefore the direct consequence of very
low amounts of frataxin. The precise role of frataxin is not yet
known but it appears to provide iron to Isul for Fe-S cluster
assembly. The idea that has been supported for many years,
also by our group, that Fe-S cluster deficiency is secondary to
oxidative stress (production of toxic molecules called free
radicals) is probably NOT correct.

The current therapeutic approaches for Friedreich ataxia,
namely the use of anti-oxidants such as idebenone, remain
valid as a means to fight secondary (and not primary)
consequences of frataxin deficiency. Indeed, in patients,
idebenone shows a protective effect on the cardiac disease
associated with Friedreich ataxia. As previously reported, we
have successfully demonstrated that idebebone prolongs the
survival of our "Friedreich" cardiomyopathy mouse model,
even with complete absence of frataxin in the heart. We have
further characterized and confirmed this protective effect by
echocardiography but also showed that this protective effect
did not correct the primary Fe-S defect.

We then tested, in our mouse models, other
pharmacological molecules that could combate oxidative
stress (so-called anti-oxidants) in order to find other
therapeutic molecules. Unlike idebenone, two other very
potent anti-oxidants did not have any effect on the
cardiomyopathy, nor on the survival of the mice. This lead us
to explore how oxidative stress (the production of toxic
molecules, the so-called free radicals, which normally occurs
in every cell at alow level) contributes to the disease in our
different mouse models. To our surprise, we did not measure

any increase of free radical damage to the cell membranes or
proteins (i.e. the specific damage made by these toxic
molecules) in the different tissues of the mouse models
affected by the disease. A clear effect of the absence of
frataxin in both the Friedreich patients and in the mouse
models is the abnormal accumulation of iron in the cell, more
particularly in the mitochondria (the energy central of the
cell). A hypothesis in the field that has prevailed for many
years is that this abnormal amount of iron contributes to form
toxic molecules when it comes into contact with oxygen - asif
it was rusting in the cell. So, in addition to therapeutic practice
using anti-oxidants, other approaches aimed at taking the iron
away (using iron chelators) were considered. However, at least
in the mouse models, even this abormal iron accumulation
does not seem to generate further toxic molecules in the heart,
showing that it is not the main consequence of the disease.

What do these results tell us? In the mouse deficient of
frataxin, iron does not seem to be very toxic for the cell, nor
does it appear that there is an abnormal amount of oxidative
stress, even though these mice do reproduce many
characteristics of the human disease. Therefore, it is important
to consider and explore other therapeutic approaches, not just
antioxidants and iron chelators, which have been the main
efforts over the past years. However, approaches with
antioxidants and iron chelators should continue to be explored,
as idebenone has proven to be useful. Furthermore, oxidative
stress probably plays arole in the human disease.

One question that arises from these results is whether ide-
benone is working as an antioxidant or not. Idebenone is also
known to be able to help in the production of energy by pro-
viding the transport of electrons in the respiratory chain men-
tioned above. As there is no oxidative stress in the mice, ide-
benone probably works in helping the production of energy,
rather than being an antioxidant fighting toxic molecules.
However, in the patients cells, idebenone probably works in
both ways. Idebenone clearly helps the cardiac disease asso-
ciated with Friedreich, and therefore, this therapy should be
pursued for the patients. Despite a clear positive effect on the
cardiac disease in the open trials that have been conducted,
most countries till require positive results of a double blind
study in patients for the most important market authorisation
of idebenone for Friedreich ataxia therapy. In addition to ef-
forts for this authorisation, the research community clearly
needs to broaden the search for new types of therapy. The tar-
geting with pharmaceutical compounds of Isul, the partner of
frataxin, which is present in Friedreich patients and is despe-
rately seeking for its protein partner, is certainly a valuable
research strategy for future therapy of Friedreich ataxia.

* The author’ sfull addressis:

Ingtitut de Génétique et de Biologie Moléculaire et Cellulaire
Department of Molecular Pathology

1, rue Laurent Fries, BP 10142

67404 IlIkirch Cedex

France
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A LARGE HIGH QUALITY RESEARCH PROJECT MAY LEAD TO A THERAPY FOR

FRIEDREICH'S ATAXIA

Prof. Massimo Pandolfo, Université Libre de Bruxelles, Belgium*

Friedreich‘s Ataxia (FA) is an autosomal recessive heredi-
tary disease characterized by progressive neurological dis-
ability, by a hypertrophic cardiopathy, and by an increased
risk of diabetes mellitus. Patients commonly present skeletal
abormalities such as kyphoscoliosis and pes cavus.

The first symptoms usually appear in childhood, but the
onset may vary from infancy to adult age. After ten to fifteen
years of disease, the progressive loss of coordination and
balance results in the use of a wheelchair and in the need of
help for all daily living activities. The ability to communicate
is compromised by problems in articulating words (dys-
arthria). In some cases, visual loss due to atrophy of optic
nerves and hearing loss further impair communication. Cog-
nitive function are preserved and its not unusual to see FA
patients succeed in college and university despite their
physical problems. In addition to the involvement of the
nervous system, the other clinical manifestations of FA can
substantially aggravate the clinical picture. Some patients have
a very severe cardiomyopathy that can cause premature death
for cardiac insufficiency or arrhythmia. The complications of
diabetes may further contribute to disease burden and
disability. The frequency of FA in Caucasians and Middle
Easternsis around 2 to 3 every 100.000 births. FA is therefore
arare disease.

Asit isthe case for amost all neurodegenerative diseases,
there is currently no treatment to stop the progression of FA.
Furthermore, there are no effective symptomatic treatments
for FA, like there are for instance for Parkinson disease.
Physical and occupational therapy, speech therapy, the
treatment of cardiac complications and of diabetes indeed
alow to improve the quality and the duration of life of
individuals with FA, but the neurodegenerative process
relentlessly continues its progression.

An answer to the suffering of patients with FA and of their
families can only come from research. Almost 10 years after
the discovery of the gene mutation causing FA, we are now at
a critical time for research. The accumulated knowledge on
the causes and cellular and molecular mechanisms underlining
FA, together with the development of new approaches for
pharmacological, cellular and molecular therapy can now
provide new possibilities to stop this disease.

The FA gene (FRDA) encodes of protein of 210 amino-
acids called frataxin. This gene is expressed in all cells, but
level of expressions vary in different tissues and during
development. Frataxin is localized within mitochondria, the
intracellular organelles where cellular respiration takes place,
as well as other metabolic functions. FA is the consequence of
a deficit of frataxin. The mutation causing the disease in most
patients is the expansion of a GAA triplet repeat in the first
intron of the gene. The number of GAA triplets in normal
chromosomes is less than 35 to 40, it is usually 8 or 9. FA
chromosomes carry from 90 to more than one thousand
triplets, usually several hundreds. Affected individuals are
homozygous for this expansion, while carriers are hetero-

zygous. Expanded alleles are unstable during parent-to-child
transmission and also in different tissues during devel opment.

The GAA expansion inhibits the expression of the frataxin
gene because it alters DNA structure, stopping the synthesis of
mRNA. At the site of the GAA expansion, DNA has a
tendency to fold back onto itself and adopt a complicated
triple helical structure that does not allow the advancement of
RNA polymerase. Thistriple helical structure isin equilibrium
with the physiological double helix. DNA fluctuates between
these two states, but only the physiological double helix
allows the expression of the gene. The triple helix gets more
stable as the expansion gets bigger. Therefore, the expression
of frataxin decreases with an increasing number of GAA
triplets. Accordingly, the age of onset and the severity of the
disease are at least in part determined by the length of the
triplet repeat expansion. Most of the patients have frataxin
levels around 5 to 10 percent of normal. The mildest and late
onset cases may have up to 20 - 25 percent of normal. Healthy
heterozygous carriers have dlightly more than 50 percent of
normal and they have no sign or symptom of disease. If the
frataxin gene is knocked out in the mouse, animals in which
this protein is completely absent die during embryonic
development, demonstrating the essential role of the small
residual amount of frataxin that is made by FA patients.

These findings suggest possible therapeutic approaches
aimed to restore frataxin levels. If it were possible to increase
frataxin production in patients even to levels that are similar to
those of healthy carriers, one could possibly stop the course of
the disease and maybe even induce some improvement. An
increased frataxin production could be obtained :

1. through gene replacement therapy, that is by introducing a
frataxin gene without the GAA expansion into the patient
cells;

2. by giving frataxin directly. The protein should, however,
be modified in such a way to be able to reach the nerve
cells affected by the disease and the mitochondria inside
these cells;

3. by intervening on the GAA expansion with molecules that
can destabilize the triple helical structure and shift the
equilibrium toward the physiological double helix that
allows frataxin expression. Some pyrrole-imidazole poly-
amide derivatives may have thiskind of properties.

These approaches are currently under study in research
laboratoriesin Europe, America and Australia

Further possibilities to treat the disease may come from the
studies on the function of frataxin. A protein corresponding to
frataxin is present in the mitochondria of all living organisms
that have a nucleus (eukaryotes). Frataxin homologues are
also present in many bacteria. The function of frataxin seems
to be related to the key role of mitochondria in iron
metabolism. Most iron is indeed utilized in mitochondria for
the synthesis of two essential chemical structures. heme and
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iron sulfur clusters (ISC). Heme binds oxygen in hemoglobin
and it is contained in many components of the respiratory
chain (cytochromes). ISCs are essential cofactors for severa
enzymes, in particular aconitase and complexes|, I, and |11 of
the respiratory chain. The cytosolic form of aconitase also
contains an ISC and has a central role in the control of iron
homeostasis that depends directly from the presence of this
ISC.

Frataxin has a clearly demonstrated role in the synthesis of
ISCs, in particular through its interaction with Isul, a protein
that functions as a scaffold on which 1SCs are assembled.
Frataxin might also have a direct role in heme synthesis, but
this is dtill controversia. A frataxin deficit causes an
important decrease in ISC synthesis and therefore a functional
deficit of the enzymes that need these cofactors. Thus, energy
metabolism and the respiratory chain are particularly affected.

To carry out its function it is possible that frataxin acts as
an iron chaperone. It has been proposed that, by binding iron
in mitochondria, it protects it from reactive oxygen species
that are particularly abundant in this compartment and makes
it bio-available for the synthesis of 1SCs and heme. In
agreement with this hypothesis, an accumulation of oxydated
iron is observed in mitochondria that are frataxin deficient,
both in experimental models and the heart of FA patients.

When iron is not protected by frataxin, it gets in contact
with a superoxyde and hydrogen peroxyde that are generated
in mitochondria, forming toxic free radicals like the OH-
radical through the Fenton reaction. Therefore, oxidative
damage may add to, and possibly aggravate, the energy and
respiration deficit. A vicious circle may occur, in which a
dysfunctioning respiratory chain makes more and more
superoxyde that reacts with iron generating free radicals that
further damage the respiratory chain.

Based on the above findings, therapeutic approaches aimed
to free radical control and respiratory chain activation may be
proposed.

An intriguing possibility would be the utilization of small
molecules that are capable to replace frataxin by binding and
protecting mitochondrial iron and increasing its bio-
availability. Concerning anti-oxidant molecules and
respiratory chain stimulants, some coenzyme Q derivatives
(idebenone, CoQ-10) have already given promising results,
not only in experimental models, but also in clinical trials, at
least on the FA cardiomyopathy. Finaly, automated high-
throughput tests to evaluate a large number of molecules for
their ability to correct the functional conseguences of frataxin
deficiency.

A further possibility to treat FA may come from cellular
therapies, in particular from the use of stem cells. This
approach still has many problems. One of the major obstacles
is the widespread nature of neurodegeneration in FA, that
would reguire to diffusely deliver cells in the central nervous
system of the patients. Additional problems concern all the
steps of a possible cell therapy, including finding the best cell
source, the optimal treatment of the cells before
transplantation, the best modalities of transplantation. For a
rational approach, embryonic as well as fetal and adult stem
cells should be evaluated. Adult stem cells from other tissues
than the central nervous system (CNS) should also be

considered. The possibilities of trans-differentiation, retro-
differentiation or fusions of stem cells from different adult
tissues should be rigorously evaluated. The modalities to
promote diffuse delivery of cells to al affected areas of the
CNS need to be investigated. The good thing is that stem cell
research is currently so active and productive that a possible
application for FA is getting more and more worth of
investigating.

All above mentioned therapeutic approaches must be
tested in appropriate models of the disease before they can be
proposed for clinical use. Hence, the importance of generating
appropriate animal models. These are essential not only for
this purpose, but also for the more general purpose to study
pathogenesis and frataxin function. The embryonic lethality of
knock-out mice has imposed to generate different models. The
conditional knock-out technique that leads to the deletion of
the frataxin gene only at a specific time and in specific tissues
has allowed to develop good mouse models for the
cardiomyopathy and for the neurodegeneration caused by
frataxin deficiency. These models are clearly useful to
evaluate pharmacological, gene therapy, protein therapy, and
stem-cell approaches.

A knock-in mouse model, in which a GAA expansion was
introduced into the endogenous frataxin gene, expresses about
25 percent of wild-type frataxin levels. This amount is
sufficient to prevent the development of clinical signs and
symptoms during the mouse lifetime. However, through gene
expression profiling methods, these mice were found to have a
complex compensatory homeostatic response to frataxin
deficiency that is providing important data on pathogenesis.
Furthermore, this model can be utilized to evaluate
compounds acting on the GAA-repeat as the pirrole-imidazole
polyamides.

Other models that are being currently developed utilize the
small inhibitory RNA technique to greatly decrease frataxin
levels. SRNA models are designed in such away to allow the
experimentator to vary frataxin levels at will, and therefore to
evaluate how reversible is the damage induced by frataxin
deficiency.

To exploit these new therapeutic possibilities that are
offered by basic research, we need to design rigorous clinical
protocols to evaluate FA patients in clinical trials. There isin
particular a need for a reliable and reproducible clinical rating
scale that can be utilized by investigators in different centers.
This is very important, because the rarity of FA makes it
necessary to undertake multicenter trials in order to recruit a
sufficient number of patients to expect significant results.

An appropriately validated clinical scale will be part of a
larger protocol, that will include also instruments to evaluate
quality of life, functional capacities, and some biomarkers.
These are direct markers of the pathology underlying the
disease. Biomarkers may include quantitative imaging, as well
as hiochemical and neurophysiological parameters. In this
regard, magnetic resonance spectroscopy and oxidative stress
markers in blood and urines have already been utilized in pilot
studies and shown their potential utility. Other techniques, like
diffusion tensor imaging, motor evoked potentials, some
reflexes like the blink reflex, are promising and need to be
investigated.
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In conclusion, our current knowledge on the etiology and
the pathogenesis of FA, obtained thanks to the discovery of
the gene in 1996, along with the recent spectacular progress of
pharmacology, molecular and cellular biology, now alow to
envisage a large project to develop and evaluate treatments for
FA. Such a project, if successful, would also have an impact
for other rare or less rare neurodegenerative disorders, both in
term of scientific advancements and as an organizational
model. However, to have rea chances of success, a major
effort is necessary to bring together different scientific and
clinical competencies and to obtain sufficient material support.

A good number of excellent research groups are currently
involved in basic and clinical research in FA, many in Europe
and more and more in Americaand in Australia. Each of these

group is able to bring its own original contribution, which is
potentially important for the final result. If we succed to sti-
mulate top level research groups in areas as experimental
pharmacology, nucleic acid biochemistry, protein biochemis-
try, stem cell biology, to join this project, the possibility for a
therapy for FA would become arealistic target. - May, 2005.

* The author’s full addressis:

Pr. Massimo Pandolfo, Chef de Service
Service de Neurologie

Université Libre de Bruxelles - Hopital Erasme
Route de Lennik 808

1070 Brussels, Belgium

STATE OF THE ART IN GENE THERAPY AND PROSPECTS FOR ATAXIAS

Prof. Javier Diaz-Nido, Universidad Auténomade Madrid *

ene Therapy has been defined as the transfer of genetic
material (usually a piece of DNA) into the cells of a
patient with the goal of curing a disease or at least owing
down the progression of the disease to improve the clinical
status of the patient. For recessive hereditary diseases, which
are those caused by a mutation in a particular gene that renders
it nonfunctional, gene therapy consists of introducing a healthy
version of the missing or defective gene into affected cells. For
dominant hereditary diseases, where mutated genes usually
give rise to “toxic” proteins poisoning the cells, gene therapy
aims to lower the expression of the mutant genes through the
introduction of “interfering” genes. These relatively rare, reces-
sive and dominant, hereditary diseases are called “monogenic”,
since a mutation in one gene is enough to cause the pathology.
Many hereditary neurological and neuromuscular diseases,
including ataxias, belong to this group of “monogenic”
diseases. Accordingly, either the introduction or the
knockdown of one gene should have a therapeutic effect.
However, other neurological diseases with a higher incidence
are “multigenic” and “multifactorial”, as they probably result
from a combination of genetic traits and environmental factors.
In these cases, gene therapy may also be useful through the
transfer of genes able to modify crucial stepsin the pathogenic
process or compensate for altered functions in affected cells.
Obvioudly this requires a deep understanding of the disease as
well as awide knowledge of the human genome at a functional
level. In all cases, gene therapy relies upon the delivery of
“therapeutic” genetic material to all affected cells of a patient.
The basic idea underlying gene therapy is deceptively sim-
ple, as the technology behind it is quite tricky. It has still not
fully solved the complex challenge of getting those therapeutic
genes into the right locations and then sustain their expression
at an appropriate level for a sufficient span of time, making
sure that they do not activate things they should not. The hur-
diesin this approach have certainly been bigger than expected.
Research into gene therapy started to flourish in the late
1980s and early 1990s, generating great hopes and even greater
hypes. Perhaps the overselling of some preliminary results led
to the mistaken perception that gene therapy was a more ma-

ture and successful field that it really was. Then the setbacks in
some early clinical trials led to waves of skepticism. Now there
may be a widespread public perception that gene therapy is fai-
ling to fulfills its promise and that it is generally unsuccessful
or even dangerous compared to other experimental therapeutic
approaches. In my opinion, this pessimistic view is not justified
and gene therapy remains a highly promising biomedical tech-
nology worthy of further devel opment.

Indeed, other medical technologies have also gone through
difficult periods, and gene therapy is no different in this
respect. The development of monoclonal antibodies as
therapeutic agentsisa casein point, as it was also accompanied
by cycles of enthusiasm and negativism. Thus, the initial hype
gave way to a profound frustration when the first clinical trials
were unsuccessful. However, those early studies helped to
identify problems that were eventually solved, allowing
monoclonal antibodies to be the clinical (and also commercial!)
success that they are today. Another example may be provided
by the current hype on stem cells and regenerative medicine,
which perhaps will be soon followed by a wave of skepticism
as their clinical applications will not appear quickly. There are
no “miracles’ in biomedicine, and we should be aware that it
takes along time to develop any kind of new therapy.

As for gene therapy, three important issues have to be
carefully considered: the choice of the therapeutic gene, which
depends on the basic knowledge about the particular disease;
the characteristics of the “target” cells which are affected; and
the choice of the “vector”, which is the vehicle carrying the
therapeutic gene. Vector development is undoubtedly one of
the most critical concerns for improved gene therapy. The
availability of delivery systems that are capable of efficient
gene transfer to target cells, without causing serious toxic side
effects, iscrucial for the success of gene therapy.

These gene transfer procedures can be classified into two
categories: viral and nonviral delivery vehicles. Vira delivery
consists of the embedding of therapeutic genes into viruses that
have been extensively modified to remove their harmful con-
tents. Nonviral delivery is performed through the attachment of
therapeutic genes to lipids or polymers. Nowadays, vectors ba-
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sed on many different viral systems congtitute the best choice
for efficient gene delivery to most target cells. This is not
surprising, as viruses have learnt the business of introducing
genes into cells for over millions years. Viral vectors also offer
the advantage of being easily engineered to ensure specific
targeting to selected cell types. The high efficiency and
selectivity of viral vectors are particularly important when we
consider gene transfer to the nervous system, which is
constituted by many distinct cell types and is relatively isolated
by the blood-brain barrier. However, the task of dismantling
viruses to get rid of any toxic side effect is aso quite
challenging. It is likely that future gene therapies will also use
innovations to improve the efficiency of nonviral vectors,
probably building on a detailed knowledge of viral vectors. The
ongoing development of synthetic viruslike DNA
“nanocarriers’ may be particularly promising in this respect.

As mentioned before, gene therapy usually requires the
long-term expression of the therapeutic gene. To get a
sustained gene expression, the vector must remain within target
cell nuclei for a very long time. There are two approaches to
achieve this. One involves the integration of the vector into the
host DNA. The other relies upon the use of vectors behaving as
stable “episomes’ (minichromosome-like pieces of DNA
which are maintained within target cell nuclei as independent
elements which are not integrated into the host DNA).

Some types of viruses (including the so-called retrovirus,
lentivirus and adeno-associated viruses) are particularly
efficient at inserting their genome into host DNA, and have
therefore given rise to the development of “integrating” vectors
which are now being extensively used for gene transfer into a
variety of tissues and organs including the brain in
experimental animals. However these vectors have two
notorious limitations. On one hand, they are able to package
only a small amount of DNA, thus posing a serious restriction
to the choice of the therapeutic genes. On the other hand, there
is the danger of the vector being inserted in a wrong location
into the host DNA with potentially catastrophic consequences.

Precisely the most outstanding success in human gene
therapy up to date has been overshadowed by the appearance of
cancer due to this kind of “insertional mutagenesis’. Children
suffering from a rare and fatal genetic disease that |eaves them
without an immune response were cured in a gene therapy
clinical trial using one “integrating” vector (a retroviral vector
in this case). But some of the children later developed leukemia
(a cancer due to overproliferation of certain blood cells) as a
result of gene therapy (probably by the combination of the
insertional mutagenesis caused by the retroviral vector in
synergy with the proliferative effect of the therapeutic gene
used in thistrial).

In contrast, vectors that are maintained as “episomes’
within cell nuclei do not disrupt the host DNA and are there-
fore devoid of insertional mutagenesis complications. These
episomal vectors can also lead to persistent expression of the
therapeutic gene, especialy in non-dividing cells such as neu-
rons and muscle cells. Herpesviral vectors are particularly inte-
resting in this respect, as they also have the capacity to accom-
modate a large amount of therapeutic DNA (up to 150 kb)
These high-capacity viral vectors are therefore very well fitted
to transfer combinations of several therapeutic genesinto target

cells. Likewise, these vectors also have enough room for whole
genomic loci (the “real” genes as they are in the human chro-
mosomes), whereas all other vectors must bear copy DNAs
(which are artificialy “condensed” versions of genes lacking
al elements responsible for the regulation of their expression).
The transfer of whole genomic loci (the “real” genes, not the
“condensed” versions) may facilitate a near-physiological
regulation of the expression of the therapeutic genes.
Furthermore, one kind of these vectors (those derived from a
particular virus known as herpes simplex 1) show a marked
preference to target neurons, being able to be transported along
interneuronal connections. In particular, neurons within dorsal
root ganglia, spinal cord, brainstem and deep cerebellar nucle,
as well as Purkinje cells at the cerebellar cortex, which are
mainly affected in hereditary ataxias, are especially susceptible
to gene transduction by these herpesviral vectors. Accordingly,
herpesviral vectors may be highly suitable vehicles for the gene
therapy of spinocerebellar ataxias.

The current improvements in vector technologies and their
extensive application into cultured cells and experimental
animals, including some models of neurological diseases,
suggest that gene therapy will eventually become a viable
clinical practice in Neurology. However we should keep in
mind that there is a huge gap between the first results showing
the feasibility of a gene therapy protocol in an experimental
animal model (the so-called “proof of principle”) and their
eventual clinical implementation. First of al, animal models of
neurological diseases, usually transgenic mice, differ from the
corresponding human diseases in many respects that may be
therapeutically important. In the future, these animal models
have to be substantially improved in order to more closely
approximate human disease. Additionally, much “trandational”
research will be also required to address issues such as the
dosage of the vector, the route of delivery (which is difficult to
extrapolate from studies with small animals), the safety of the
procedure and the monitoring of side effects in humans over
long periods. Continuous, life-long exposure to transgenes or
vectors increases the possibility of subtle toxic properties to
become manifest over the long term. Special emphasis should
also be placed on immune responses to gene therapy since the
prior exposure to viruses similar to the vector can influence the
reaction to gene transfer.

In any case, we can anticipate that gene therapy will not be
any “miracle pill” but another accepted therapeutic protocol.
Probably gene therapy will only succeed if it is integrated into
a wider clinical approach to disease management. Thus gene
therapy treatments may be combined with, and therefore
augment, more conventional drug treatments as well as cdll
replacement strategies, physiotherapy and rehabilitative care.
Far from any hype, research into gene therapy is a promising
avenue for therapeutical innovation.

* The author’ s full addressis:
Departamento de Biologia Molecular
Universidad Auténoma de Madrid
28049 Madrid, Spain

E-mail: javier.diaznido@uam.es
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STANDARDS OF CARE FOR THE ATAXIAS — NEWS FROM THE UK

Dr Barry Hunt, Chair of Ataxia UK’s Scientific Advisory Committee and

Dr Julie Greenfield, Ataxia UK’s Research Projects Manager

In the last couple of years Ataxia UK has been active in trying
to engage in discussions with people with ataxia, carers and
clinicians in order to try and make some changes that will
hopefully lead to improvements in the care of people with
ataxia in the UK. We have been asked to share these
experiences via the euro-ATAXIA newsletter. Two particular
initiatives that we will focus on in this article are the
establishment of Ataxia Centres of Excellence and the value
of regular meetings of the country’s top clinical neurologists
who have a strong interest in the ataxias.

ATAXIA CENTRESOF EXCELLENCE

One of the new initiatives that Ataxia UK is working on is the
development of Centres of Excellence for the treatment of
people with ataxia. The idea came from discussions with
people with ataxia about their problems and needs. We held a
consultation meeting in which we invited people with ataxia
and their carers/ family members and parents of children with
ataxia. The group was asked to discuss the problems with the
current system and how things could be improved. Some
examples of problems people encounter at the moment include
lack of knowledge or interest in the ataxias amongst medical
professionals, lack of follow-up appointments with
neurologists, lack of referrals to physiotherapists and no
awareness of the ataxias amongst healthcare professionals and
the general public.

We then held a meeting of medical professionals with
expertise in the ataxias. At this meeting in 2004 everyone
agreed that Centres of Excellence were worthwhile and
discussions revolved around what these should constitute.
Most of the clinicians present were neurologists, but we also
invited other individuals such as researchers involved in
clinical trials, in genetic testing and a physiotherapist.
Following consultations a set of criteria were developed that
these specialist Centres of Excellence should comply to. It was
aso agreed that Ataxia UK would issue certificates of
accreditation to the Centres that complied with these criteria.

CRITERIA FOR ATAXIA UK ACCREDITED

CENTRES

1. Involvement of clinician(s) with interest/expertise in
ataxia over a number of years and seeing on average at
least 8 ataxia patients per month. In this context ‘ataxia
patients are defined as people with ataxia as their
dominant clinical syndrome.

2. Involvement of clinician(s) with atrack record of research
on the ataxias or who can provide evidence that they keep
updated on recent developments in ataxia research.

3. Access to al relevant available genetic and non-genetic
diagnostic tests. It is important that people attending any
of the Centres have access to the most up-to-date
diagnostic tests and that there is equality in the
availability of testsin al Centres. In some cases, e.g. for
rare genetic tests, it may be appropriate for all tests to be

10.

11.

12.

13.

14.

15.

16.

carried out through one centre. Testing should include all
relevant imaging, neurophysiological, biochemical,
immunological and genetic tests.

Follow-up offered (at least once a year) with continuity of
care (i.e.: see same neurologist at least 3 out of 4 visits).
Good, supportive handling of diagnosis and other
sensitive information (monitored by feedback from
peopl e attending the Centre and/or carers).

Evidence of good referral service to support services to
include physiotherapists, Occupational therapists, speech
therapists and Ataxia UK.

Direct referral to other specialist clinical services (e.g.
cardiologists, orthopaedists, psychiatrists,
ophthalmologists etc.) with fast track potentia for
relevant cases.

Evidence of good communication with primary care.
Examples of good practice:

a) regular correspondence with clinic letters sent out
within 1 month from visit

b) send family doctors copies of correspondence with
other specialists

¢) telephone contact with family doctors

d) copying letters to patients when helpful

€) copies of letters sent to family doctors to be also sent
to other professionals working with patient (e.g.
physiotherapists) when relevant

f) brief information on the natural history of the condition
to be sent when adiagnosisis reached to help family
doctor to manage the person with ataxia and for example
help discriminate which symptoms are part of the
condition

0) any useful information leaflets sent (e.g. Ataxia UK's
leaflets)

Evidence of links with and support of local paediatric
neurologists.

Evidence of a system for providing both medica
information and support /advice for people with ataxia
and carers between clinic visits.

Willingness to input patient information to a local
database.

Willingness to collaborate with other Ataxia Centres in
research (e.g. for recruitment to trials, validation of novel
genes or other research projects).

Preparedness to accept GP referra from non-local
patients.

Evidence that the relevant NHS Trust supports the
development of an Ataxia Centre.

Agreement to implement an annual monitoring system
based on patient feedback.

Willingness to attend annual meeting of Ataxia Centres
(for problem solving, best practice and research
discussions).
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