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Friedreich’s Ataxia 1978 — An Overview

SUMMARY: In the present overview an
attempt is made to summarize the inves-
tigations carried out during the first part
of Phase Two of the Quebec Cooperative
Study of Friedreich’s Ataxia. These in-
vestigations delineated the relative im-
portance of various biochemical leads
uncovered during the preliminary sur-
vey. It is possible to indicate some find-
ings that may be primary and which
should be pursued in subsequent inves-
tigations. Among these, the observation
of an abnormal composition of high den-
sity lipoproteins in Friedreich’s Ataxia
appears to be the most important.

RESUME: La présente revue générale a

pour but de résumer les nouvelles inves- .

tigations accomplies lors de la premiére
partie de la Phase Deux de ['étude
Coopérative de I’ Ataxie de Friedreich.
Ces études ont permis une délinéation
plus détaillée de U'importance relative
des diverses indications de nature
biochimiques découvertes lors de
l'enquéte préliminaire. Il nous est main-
tenant possible de proposer quels pour-
raient étre les défauts primaires et les-
quels parmi ceux-ci méritent une étude
plus poussée. L' observation d’une com-
position anormale de lipoprotéines a
haute densité dans I'ataxie de Friedreich
nous semble le plus important de ces
résultats.
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INTRODUCTION

The usual mechanism of progress
in clinical research has been to await
the development of a new basic con-
cept and to apply it to various dis-
eases. Less frequently, a chance ob-
servation by a clinician has led to
major discoveries. It was a gamble
when the planning committee of the
Quebec Cooperative Study of
Friedreich’s Ataxia decided to carry
out a prospective study of 50 cases
of Friedreich’s ataxia in the hope of
redefining the absolute requirements
for the diagnosis, including the
minimum constellation of symptoms
and signs for early recognition and in
the hope of discovering the under-
lying biochemical substratum. The
results of this survey have been pub-

lished in the Canadian Journal of -

Neurological Sciences (Vol. 3:
269-397, November 1976).

A number of biochemical leads
were uncovered indicating possible
defects in the metabolism of glucose,
pyruvate, tuarine and g-alanine,
calcium, bilirubin and cholesterol. It
is not known if any of the biochemi-
cal anomalies are primary or secon-
dary to the disease. The purpose of
the second phase was to follow in
detail each of these leads using the
most advanced techniques at our
disposal. The present issue reports
the results of these researches which
are summarized briefly.

I — Clinical and genetic features
Despite criticisms of our restricted
criteria for the characterization of
typical Friedreich’s Ataxia (see table
in the Introductory paper of this
issue), we have found no reason
during our subsequent investigations
to broaden the definition. In rare
cases the clinical onset may be de-
layed to the age of 19. Further, the
vibratory and/or position sense in
the lower limbs may be more ac-
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curately classified as decreased
rather than absent. We have never
encountered normal or brisk tendon
reflexes in true Friedreich’s ataxia.
These cases should be classified as
atypical or Marie’s spino-cerebellar
degeneration. This rigid position has
permitted the identification of at
least 42 cases of a new syndrome of
recessive spastic ataxia in the coun-
ties of Charlevoix and Saguenay in
Quebec. These patients present
many biochemical similarities to
Friedreich’s ataxia. The age of onset
is earlier (1-2 years), the course is
slower and less severe without
kyphoscoliosis. Posterior column
signs and absent evoked potentials
are found, as in Friedreich’s ataxia,
but the tendon reflexes remain brisk
except towards the end (Bouchard et
al., this issue).

This new syndrome and two
families with a recessive form of
spino-olivo-ponto-cerebellar at-
rophy, resembling OPCA type II,
composes our knowledge of the
spectrum of autosomal recessively
inherited disorders with ataxia in
Quebec. It is of interest that the
clinical features and the localization
of neuronal damage are apparently
determined by the age of onset. It is
as if the selective vulnerability of the
parts of the nervous system varied
according to the time at which the
presumed ‘‘toxin’’ (or metabolic de-
fect) was operative. This observa-
tion is of interest in the eventual
understanding of the pathophysiol-
ogy of the clinical phenotype.

From these observations and con-
siderations we would like to propose
a new functional nosological clas-
sification of recessive progressive
ataxias (Table 1) to be used in our
further studies. Some of the clinical
aspects, neglected in the literature,
have been ocular concomitants of
the vestibular component of heredit-
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TABLE 1 NOSQLOGY OF INHERITED RECESSIVE ATAXIAS
ASSOCTATED
GENETICS TENDON REFLEXES | TYPE| AGE OF ONSET| MAIN PATHOLOGY| SYMPTOMS |KNOWN ENTITIES
I | Congenital Brain -Mental re-|a) Marinesco-Sjoegren Syndrome
{0-6m) Cerebellum tardatian
-Bye syrp~ |b) Oongenital ataxia, aniridia
toms and mental retardation
~-Congenital (Gillespie)
defects
-Spasticity
Hyperreflexic
II | Infantile Brain -gpasticityja) Charlevoix~Saguenay Syndrome
(0~-6y) Cercbellum -Mitral
Post. Colum valve pro-(b) Troyer Syndrame
lapse
-Foot de- |[c) Ataxia-telangiectasia
formities
Progressive III | childhood Cerebellum -Scoliosis |a) Friedreich's Ataxia
Recessive -16y. Post. Colum -Pes cavus
Ataxia Cortico spinal | -Cardio~ b) Refsum's disease
myopathy
c) Bassen-Kornzweig Syndrame
Areflexic
IV | Juvenile Post. Column no scolio- |a) Recessive Roussy-levy Syndrame
(16-25y) Qortico spinal | sis
Peripheral slow pro—
nerves gression
Normo-Reflexic vV | Adult Cerebellum Dysarthria |a) Recessive type II OPCA
(> 25y) Brain stem (Fickler-Winkler type)

ary ataxias. Monday et al. (this
issue) carried out a thorough inves-
tigation of vestibular function in 16
patients with typical Friedreich’s
ataxia, using electronystagmography
and caloric tests. They observed a
number of defects, but most abnor-
mal findings were related to ocular
dysmetria, disorganized pursuit and
square waves which were found in a
significant number of cases.

The genetic aspects of inherited
ataxias recently received a marked
impetus with the tentative localiza-
tion of the presumed ataxia gene on
the sixth chromosome, near the HLA
loci, in a family with OPCA — type 1
(Jackson et al., 1977). Unfortu-
nately, in another similar family with
autosomal dominant inheritance
from the Gaspé peninsula, we failed
to find evidence for association or
linkage to the HLA or C4 comple-
ment loci (Wastiaux et al., this
issue). We also did not find any
association with HLA genotypes in
19 patients with the Charlevoix-
Saguenay syndrome or in 16 patients
with typical Friedreich’s ataxia.
Thus, the question of the localiza-
tion of the ataxia gene remains open.
Study of much larger numbers of
cases, analyzed by a computer prog-
ram, will probably be required to
draw firm conclusions.
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1l — Biochemical Features

(a) Calcium metabolism

In the only autopsy available to
us, Sanchez-Casis et al. (1976) de-
monstrated granular deposits of cal-
cium salts and iron in the muscle cells
of the heart. Friedreich’s ataxia is
almost always associated with a car-
diomyopathy. In view of our find-
ings of a possible taurine defect in
this disease (Lemieux et al., 1976), it
is of interest that Huxtable and
Bressler (1974) had observed ab-
normal cardiac concentrations of
taurine in congestive heart failure.
We asked Huxtable (this issue) to
review the possible pharmacological
links between these observations.
He concluded that the evidence
leads to the suspicion that the lungs
may be strongly involved in the de-
velopment of the right heart disease
common in Friedreich’s ataxia. An
underlying genetic defect in the
heart, plus an insult to the right side
could account for the asymmetri-
cally developing hypertrophy. Hux-
table also postulated a possible toxic
origin to many of the metabolic
changes found in Friedreich’s ataxia
and indicated how calcium fluxes
play a fundamental role in these
mechanisms. Taurine in the heart
has been shown to have a modifying
influence on calcium Kkinetics. It in-
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creased the retention of calcium by
the heart, the extra calcium being
held in a bound form (Huxtable,
1976). Furthermore, Izumi et al.
(1977) have shown that when the
experimental milieu mimics the situ-
ation of a hyperpolarized membrane,
taurine again modifies the binding of
calcium to microsomes, making more
free calcium available. On a resting
membrane, taurine has no effect on
microsomal calcium. If calcium and
taurine interplay significantly in the
heart to produce a cardiomyopathy, a
number of therapeutic approaches
become possible. For example, Jas-
min et al. (1975) have prevented the
cardiomyopathy of the Syrian hams-
ter with the calcium mobilizing drug,
verapamil. Such possibilities deserve
study in Friedreich’s ataxia.

Although cortisol, lithium and
taurine, on their own, have no effect
on basal prostaglandin (PG) produc-
tion, these substances can block the
effect of prolactin, or zinc, upon the
mobilization of dihomo-y -linolenic
acid which increases the synthesis of
PG E1 (Horrobin et al., this issue).
These authors, using a smooth mus-
cle model, have shown that pros-
taglandin PG E2 probably regulates
entry of calcium from extracellular
fluid, whereas the release from in-
tracellular stores depends on the in-
terplay between Thromboxande (TX
A2, PG El) and prostacyclin. Again,
the important role of calcium fluxes
at the membrane is underlined, and
again one can imagine a number of
hypotheses on the pathophysiology
of disordered calcium fluxes as well
as eventual therapeutic approaches.
This may have direct bearing upon
the pathology of Friedreich’s ataxia,
since calcium defects may be in-
volved in demyelination and nerve
conduction. To date, calcium trans-
port defects have only been hinted
at in Friedreich’s ataxia.

Calcium, prostaglandins and hor-
mones interplay at the site of recep-
tors in membranes. Their transport
requires a number of nucleotides to
supply energy. Draper et al. (this
issue) carried out a detailed investig-
ation of nucleotide synthesis, inter-
conversion and degradation and
found no difference between sub-
jects with Friedreich’s ataxia and
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normal controls. It appears improb-
able that this disorder is related to a
primary defect in  purine
metabolism.

(b) Oxygen Transport

Because of the abnormal pulmo-
nary function seen in patients with
Friedreich’s ataxia (mild degree of
hypoxia with low diffusing capacity,
a progressive fall in total lung capac-
ity and in vital capacity, and a late
decrease in residual volume and
functional residual capacity)
(Bureau et al., 1976) and the hyper-
trophic cardiomyopathy (Coté et al.,
1976), it was reasonable to suspect
an abnormality in the oxygen-
hemoglobin dissociation curve. This
hypothesis was tested in 12 subjects
with Friedreich’s ataxia. Both the
hemoglobin and P50 were found to
be normal. This normal oxygen
transport system most likely ex-
cludes an abnormal oxygen dissocia-
tion curve as an important con-
tributing factor to the pathophysiol-
ogy of the cardiomyopathy or
neuropathy of this disease.

(c) Bilirubin metabolism

One of the most unexpected find-
ings of the first phase survey was
that some patients with Friedreich’s
ataxia had total and unconjugated
bilirubin values above normal limits
(Barbeau et al., 1976a). This sug-
gested there were two sub-groups of
ataxics, one with associated hyper-
bilirubinemia, one without. Con-
versely, all patients might have the
same biochemical defect which was
picked up only under certain
metabolic conditions. To test the
latter hypothesis, patients with typi-
cal Friedreich’s ataxia and matched
controls were exposed to the com-
bined metabolic stresses of fasting
and the intravenous injection of 50
mg nicotinic acid (Hamel et al., this
issue). This experiment led to the
delineation of two sub-groups of re-
sponses. The high bilirubin ataxics
maintajned abnormally elevated
levels of bilirubin, while normal
bilirubin ataxics behaved like the
normal controls. This suggests that
the hyperbilirubinemia is not an in-
tegral part of the disease, but is more
likely to be a chance association, or
linkage, of the Gilbert’s disease gene
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with that of ataxia. The other possi-
bility is that there are two phenotyp-
ically similar forms of Friedreich’s
ataxia, one of which is linked closely
to an abnormality in bilirubin
metabolism. A similar high inci-
dence of hyperbilirubinemia has
been found in 42 cases of the
Charlevoix-Saguenay syndrome of
spastic ataxia, but not in 30 cases of
O.P.C.A. type 1 (Bouchard et al.;
Wastiaux et al.; this issue). We think
this defect is a secondary manifesta-
tion and not a primary factor in
Friedreich’s ataxia.

(d) Pyruvate metabolism

An important result of our survey
was the observation of an in vivo
slowing of pyruvate oxidation, par-
ticularly evident after a glucose load.
Preliminary studies by our group
(Barbeau et al., 1976b) and by Blass
and collaborators (1976) indicated
that the defect could be at the level
of the third component of the pyru-
vate dehydrogenase complex
(PDH), i.e. the Es or lipoamide de-
hydrogenase (LAD) step. The com-
plex mechanism of regulation of the
PDH complex and of LAD in particu-
lar was elucidated in rat brain by Ngo
and Barbeau (this issue) and shown
toinvolve a non-classical 3-site ‘‘ping
pong’’ mechanism.

It was discovered (Barbeau et al.,
1976b) that ataxic subjects were dif-
ferent from the control group in their
pyruvate response to glucose. This
slow pyruvate oxidation is not found
in all types of spinocerebellar degen-
erations. It is normal in dominant
OPCA, but is abnormal in the
Charlevoix-Saguenay syndrome and
in recessive Roussy-Levy. This in-
dicates that a common factor, not
found in OPCA, would be involved.
Perhaps slow nerve conduction is the
factor. Experiments by Butterworth
et al. (1977) indicated that ataxia
produced by 3-acetyl-pyridine,
which causes lesions of the olive and
cerebellum only, was not accom-
panied by decreased PDH in the
muscles. Ataxia produced by ac-
rylamide, which attacks the
peripheral nervous system, was al-
ways accompanied by a decrease in
the active proportion of muscle PDH.
Furthermore, not all patients with
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Friedreich’s ataxia responded simi-
larly to a glucose load. Familial pat-
terns in pyruvate responses (high
responders, normal responders) can
be isolated, indicating that this may
be an inherited trait perhaps inde-
pendent of the disease.

Kark et al. (1974) had reported
low muscle pyruvate oxidation in a
sub-group of patients with
Friedreich’s ataxia (but not in all
cases) and in other neuropathies. We
tried (Barbeau et al., 1976b) to lo-
cate a similar PDH defect in white
blood cells and platelets of
Friedreich’s ataxia (Filla et al., this
issue), but could not find an ano-
maly. We could not confirm the de-
creased PDH in fibroblasts (Blass et
al., 1976) of patients with
Friedreich’s ataxia. In three sepa-
rate experiments (Melancon et al.,
this issue) we found normal pyruvate
oxidation in Friedreich’s fibroblasts.
The only consistent abnormality
(Filla et al.; Melancon et al.; this
issue) was a decrease in serum
lipoamide dehydrogenase activity
(LAD).

It is our conclusion that the defect
in pyruvate oxidation found in vivo
(glucose load or LAD determina-
tion), but not in vitro (fibroblasts,
leukocytes or platelets) in the major-
ity of typical cases of Friedreich’s
ataxia is not primary to the disease.
It may be the result of abnormal
regulation of the third component
(Es-LAD) of the PDH complex,
perhaps reflecting another metabolic
defect found in Friedreich’s ataxia
(insulin, taurine, bilirubin, calcium
or pyridoxal phosphate?). When
present, this defect in the regenerat-
ing component of the PDH com-
plex could disturb this pathway, and
the eventual production of acetyl-
CoA could be responsible for some of
the symptoms (Gibson et al., 1975).
This conclusion should not be inter-
preted as meaning that there may not
be rare cases of ataxia where a PDH
defect is primary. This is certainly
the case in some forms of infantile
intermittent ataxia (Blass et al.,
1970).

(e) Amino Acid Metabolism

In the previous survey, Lemieux
et al., 1976 demonstrated a marked
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increase in the urinary excretion of
taurine and S-alanine and an in-
creased renal clearance rate of
taurine, B -alanine and aspartic acid.
These findings could be due to over-
flow amino aciduria, a defect in the
tubular reuptake of the amino acids,
or an abnormal tubular secretion.
Normal or low blood levels eliminate
the first option. It is known that
taurine and $-alanine share the same
transport system (Goldman and
Scriver, 1967). We looked for a possi-
ble generalized defect in taurine
transport in other organs. Filla et al.
(this issue) measured the uptake of
14C-taurine in platelets of 20 ataxia
patients and 20 age-matched normal
control subjects. No significant dif-
ferences were found in uptake or
kinetics of taurine between the two
groups. If a transport defect in
taurine exists in Friedreich’s ataxia,
it is not present in all tissues.
Further studies of CSF taurine and
aspartic acid values, with a modified
gas-chromatographic technique
(Lemieux et al., this issue), revealed
that the levels of these amino acids
were not decreased as previously
thought.

The functions of taurine and of
aspartic acid in the cerebellum and
spinal cord are still not clearly
known. The study of animal models
of ataxia (Butterworth et al., this
issue), using the single in-
traperitoneal injection of
3-acetyl-pyridine in rats, produced
pathological damage to the medulla
oblongata and to the climbing fibers
of the cerebellum. This produced a
clearer delineation of the selective
vulnerability of neuronal systems
within the cerebellum. Three-
acetyl-pyridine decreased glutamic
acid in the cerebellum, medulla,
cortex, striatum, hippocampus, re-
tina and olfactory bulbs. More speci-
fically, it reduced the concentrations
of taurine in the cerebellum and
medulia oblongata. Aspartic acid
levels were not modified by
3-acetyl-pyridine, but were specifi-
cally decreased in alloxan diabetes
(Butterworth et al., this issue). The
specificity of low aspartic acid levels
in some forms of ataxia (Robinson,
1968) is challenged.

Another aspect of the possible
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CNS functions of taurine was unco-
vered in the course of these studies
(Collu et al., this issue). The ad-
ministration of small amounts of
taurine did not modify
pentobarbital-induced sleep and
pituitary hormone release. The
marked increment in plasma growth
hormone values, induced by mor-
phine administration, was com-
pletely blocked by the IVT injection
of the amino acid. This indicates
that taurine may play a role in
hypothalamic functions.

(f) Lipid Metabolism

In the previous survey, Butter-
worth et al., 1976 found some of the
typical Friedreich’s ataxia patients
had relatively low levels of choles-
terol, compared to the normal popu-
lation. None of the subjects investi-
gated had acanthocytosis, as would
be seen in the Bassen-Kornzweig
syndrome. This observation stimu-
lated an investigation of plasma
lipids and lipoproteins in
Friedreich’s ataxia and familial spas-
tic ataxia (Davignon et al., this
issue). A study of plasma lipids and
lipoproteins was carried out in 11
cases of Friedreich’s ataxia and 6
cases of the Charlevoix-Saguenay
syndrome. No differences were
noted in the fatty acid profile of the
total lipid fraction, in the total
cholesterol and phospholipids, or in
the percentage distribution of the
individual phospholipid classes. The
triglycerides were higher in
Friedreich’s ataxia, but within the
normal range. Although no systema-
tic abnormalities could be detected
in the electrophoretic pattern of
plasma lipoproteins or in the
apolipoprotein profile on polyac-
rylamide gel electrophoresis, major
differences were found in the high
density lipoprotein (HDL) fraction.
Their total amount was reduced and
their composition was abnormal in
both neurological diseases. In

‘Friedreich’s patients, the relative

proportion of cholesterol and trig-
lycerides was increased, while the
relative protein content was greatly
reduced. In Charlevoix disease, a
similar abnormality was seen except
for the excess of triglycerides. The
proportion of phospholipids in HDL
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was the same in the three groups of
patients. In addition, the low denstiy
lipoprotein (LDL) fraction
( B -lipoprotein) was slightly reduced
in both diseases. This slightly low
8 -lipoprotein level was confirmed
using another determination method
by Wastiaux et al. (this issue).

The significance of this anomaly
of the HDL fraction
(« -lipoproteins) is not understood,
but it could indicate that the HDL
apolipoprotein moiety has a greater
affinity for cholesterol and trig-
lycerides in Friedreich’s ataxia than
in its normal counterpart. Because
the cholesterol content of mem-
branes is dependent on the surround-
ing milieu (Cooper et al., 1975), and
can be exchanged with the lipopro-
teins of the milieu, the eventual signi-
ficance of the HDL defect could be a
modification of membrane structure
or fluidity in Friedreich’s ataxia.
This hypothesis is now being inves-
tigated.

Il — Therapeutic approaches

The above observations can lead
to a number of possible therapeutic
approaches. Verapamil could be
tested in the prevention of the car-
diomyopathy of Friedreich’s
ataxia. Taurine, cortisol or lithium
could be used to modify possible
abnormal calcium fluxes in mem-
branes. Finally, the postulated
acetyl choline synthesis defect in
ataxia (Gibson et al., 1975) could be
corrected with physostigmine (Kark)
et al., 1977) or with choline or phos-
phatidylcholine (Barbeau, this
issue). These avenues are being ex-
plored.

CONCLUSIONS

The second phase of the Quebec
Cooperative Study of Friedreich’s
ataxia has permitted a clearer de-
lineation of the possible biochemical
defects in this disease. All the leads
uncovered during the Phase One
survey have been followed. Some
(like oxygen transport, purine
metabolism) have been eliminated
from consideration. Others have
been found most likely to be secon-
dary to the disease or to other reg-
ulatory metabolic factors, or to be
coincidental (hyperbilirubinemia,
pyruvate oxidation). However,

Overview


https://doi.org/10.1017/S0317167100024975

LLE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

TABLE 2

SUMMARY OF PERTINENT BIOCHEMICAL FINDINGS IN FRIEDREICH'S ATAXTA

(FEBRUARY 1978)

NORMAL FINDINGS

INCIDENTAL OR SECONDARY FINDINGS

POSSIBLE PRIMARY FINDINGS

controlled) .
2. Purine and Nucleo-

taurine.

1. Oxygen transport 1. Possible defect in regulation of membrane 1. Abnormal composition
calcium fluxes (Taurine or prostaglandin
tide metabolism 2. Accumulation of calcium in heart tissues. 2. Possible membrane struc-
3. Urinary loss of taurine and 8-alanine,

but no-generalized transport defect of
4. Unconjugated hyperbilirubinaemia.

5. Sub-group of patients with slow oxidation
of pyruvate and lo% LAD in serum.

of high density lipo-
proteins

tural defect.

these latter findings may be respon-
sible for some of the symptoms of
the disease. Finally, we are left with
a series of observations which may
bear directly upon the
pathophysiology of Friedreich’s
ataxia and deserve further studies
(Table 2). These relate to the new
finding of an abnormal composition
of high density 1eipoproteins
(a-lipoporteins) in Friedreich’s
ataxia, and possible consequent
membrane defects. This observation
is consistent with the reports of ab-
normal lipoproteins in
Bassen-Kornzweig's disease
(a - Beta-lipoproteinemia), a reces-
sive disorder, and the low-Beta-
lipoproteins in a dominant kinship
(Mars et al., 1969). It is noteworthy
that all these diseases present with
the clinical phenotype of
Friedreich’s ataxia (Aggerbeck et

, 1974), suggesting that membrane
lipid or protein constituents may be
the common pathogenic link.
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