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ABSTRACT: We have measured in leukocytes the following lysosomal enzymes in II Friedreich disease cases, 11 "atypical" 
recessive ataxias, 13 neurological controls and 16 normal controls: hexosaminidase A and B; (3-galactosidase and neuraminidase 
(labile and cold stable, or A and B). The lysosomal enzyme deficiencies known to produce certain forms of spinocerebellar 
degeneration were not present in Friedreich's disease or the Charievoix-Saguenay syndrome. The very small scale survey of 
"atypical" recessive ataxias revealed 3 cases of severe deficiencies in hexosaminidase activity. Two adult brothers presenting with 
the clinical phenotype of Kugelberg-Welander disease (one also with ataxia), were shown to have a severe deficiency of both HEX A 
and HEX B activity (Sandhoff biochemical pattern). This is the first such report. A further adult female patient, unrelated to the 
others, had a severe isolated deficiency of HEX B and presented with a very slowly progressive and mild ataxia with severe internal 
strabismus. These patients and their families are being studied clinically and biochemically in greater detail and will be reported 
elsewhere. However these preliminary findings justify screening for such lysosomal defects in all cases of "atypical" recessive 
ataxia. 

RESUME: Nous avons mesure dans les leucocytes les enzymes lysosomiales suivantes: Hexosaminidase A et B, p-galactosidase et 
neuraminidase A et B (stable au froid). Pour ce, nous avons etudie 11 patients avec maladie de Friedreich, 11 avec des ataxies 
recessives "atypiques", 13 temoins neurologiques et 16 temoins normaux. Les insuffisances enzymatiques du lysosome qui 
produisent parfois certaines formes de d£g6nerescence spino-cer6belleuse ne se retrouvent pas dans la maladie de Friedreich, ni dans 
le syndrome de Charievoix-Saguenay. Parmi les ataxies recessives atypiques, nous avons trouve 3 cas de deTicience severe en 
Hexosaminidase. Deux freres a Page adulte se presentent avec le phenotype clinique de la maladie de Kugelberg-Welander et l'un 
d'eux a egalement de l'ataxie. Ces deux freres ont une importante diminution de I'activite de l'Hex A et B (patron biochimique de la 
maladie de Sandhoff). II s'agit de la premiere publication sur cette situation. Une autre patiente adulte, non reliee aux deux autres, 
presentait une baisse importante, mais isol6e,de I'activite Hex B. Son tableau clinique etait marque d'une legere ataxie tres lentement 
Evolutive et d'un strabisme interne severe. Nous poursuivons l'6tude detaillee de ces families, mais il est d'ores et deja permis de 
proclamer qu'une 6tude biochimique systematique de ces cas familiaux atypiques d'ataxie s'impose dorenavant. 

Can. J. Neurol. Sci. 1984; 11.-.601-606 

One of the important discoveries of the last 30 years was the 
presentation of the lysosomal theory by De Duve and his collabo­
rators (De Duve and Wattiaux, 1966). As stated by Philippart 
(1978), lysosomal storage disorders reflect an impairment of 
cellular digestion. Lysosomes are ubiquitous organelles equipped 
with an extensive complement of hydrolytic enzymes capable 
of digesting proteins, lipids, polysaccharides and nucleic acids. 
If a specific enzyme is missing as a result of a mutation, the 
membrane or molecule which cannot be degraded is trapped 

inside the lysosome and then accumulates. The non degradable 
substance is often a lipid: GM|-ganglioside, sulfatide or 
sphingomyelin. The gangliosidoses refer to the group of disor­
ders characterized by the accumulation of the sialic acid con­
taining lipids, usually GM| or GM2. In cells that do not divide, 
like the neurons, the storage is directly additive and the cells 
continuously enlarge. Eventually this interferes with cell physi­
ology and survival (Philippart, 1978). It is of interest that many 
hydrolases are found as two or more molecular species that can 
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be separated by electrophoresis or chromatography. For exam­
ple Hexosaminidase exists under two major forms (Robinson 
and Stirling, 1968). Hexosaminidase A (Hex-A) is acid and heat 
labile, whereas hexosaminidase B is stable under the same 
conditions. Hex A consists of two different polypeptide chains, 
a and p, in the combination aip2. Hex B is a tetramer containing 
only p-chains with the structure P2P2. Expression of the a-chain 
is determined by a locus on chromosome 15. The P-cAain locus is 
on chromosome 5 (Gilbert et al., 1975). In Tay-Sachs disease, 
Hex B activity is normal. The mutation is thought to be in the 
a-chain locus on chromosome 15. Similarly in Sandhoff disease 
the mutation is believed to be in the p-chain locus on chromo­
some 5 and to involve failure of synthesis of that P-chain 
(Kolodny and Raghavan, 1983). Finally, in the so-called "AB 
variant", both Hex A and Hex B are increased, probably 
because of a mutation in the activator protein. Similarly neur­
aminidase has also been shown to have freeze labile and freeze-
stable components (Suzuki et al., 1981). The activity of these 
hydrolases is usually determined using artificial substrates 
(4-methyl-lumbelliferyl derivatives) that substitute for the natu­
ral one which is difficult to isolate, but confirmation should be 
obtained with the natural substrate. 

Approximately 10 years ago, it was realized that lysosomal 
storage disorders may masquerade under various phenotypes, 
such as dystonia, motor neuron disease or as spino-cerebellar 
degenerations, including the various forms of ataxia deriving 
from lesions at different levels of the central nervous system: 
cerebellum, posterior columns, spino-cerebellar tracts and periph­
eral nerves or anterior horn cells (Johnson, 1981). Ataxia will 
be present in those patients in whom the nervous system impair­
ment is still compatible with some motor function (Philippart, 
1978). It will probably be marked by pyramidal and extra­
pyramidal features in early, severe, cases, but will tend to be 
more evident when the lesions is slowly progressive. A similar 
pattern of associated symptoms is predicated upon age of onset 
and severity in the autosomal dominant hereditary ataxias like 
Machado-Joseph disease (see Barbeau and Roy, 1984, this 
issue). The full range of the phenotypes is listed in Table 1 from 
data by Johnson (1981). 

Since the first report by Rapin et al. (1976) who described two 
adult Ashkenazi Jewish siblings deficient in Hex A activity with 
slowly progressive deterioration of gait and posture from early 
childhood, distal to proximal muscle atrophy, pes cavus, foot 
drop, spasticity, mild ataxia of limbs and trunk, dystonic fea­
tures and dysarthria, many other similar cases have been 
identified. These cases were called juvenile or chronic GM2-
gangliosidoses. By 1980 (Johnson et al., 1980) at least 21 such 
families had been reported, 18 with a-locus mutations, and 3 
with p-locus mutations. In addition, genetic compounds of 
hexosaminidase have been reported in at least seven families, 
five with a-locus mutations and two with p-locus mutations. 
The compound had the phenotype of infantile Tay-Sachs dis­
ease in one family, infantile Sandhoff disease in another, and 
the normal phenotype in the rest (Dreyfus et al., 1975; Lane and 
Jenkins, 1978; Kelly et al., 1978). In most cases, like the first 
one, Hex A activity was markedly decreased in serum, leuko­
cytes and fibroblasts but not to the degree that was found in 
Tay-Sachs disease. Some of these patients even had the Friedreich 
phenotype (O'Neil et al., 1978; Navon et al., 1981; Willner et 
al., 1981 ;Musarella etal., 1982; Johnson, 1982; Johnson etal., 
1982). In afew cases both the A and B forms of Hexosaminidase 

were deficient, like in Sandhoff disease (Sandhoff et al., 1968; 
Johnson and Chutorian, 1978; Oonk et al., 1979; Wood and 
MacDougall, 1976; MacLeod et al., 1977; Goldie et al., 1977). 

Similar cases of late onset disease are also known in 
GMpgangliosidosis and in neuraminidase deficiency, the 
"sialidoses", some with cerebellum or spino-cerebellar pheno­
types (Lowden and O'Brien, 1979). 

In a few instances, the phenotypes and the enzyme deficien­
cies (p-galactosidase and neuraminidase) are combined (galac-
tosialidosis). This has been particularly evident in cases from 
Japan where lysosomal sialidase activity is nearly absent while 
the deficiency in p-galactosidase is only partial, thus probably 
secondary (Kuriyama et al., 1980, 1982; Mueller and Shows, 
1982;Tsuji etal.,1982,1984; Wengeretal., 1978; Yamada etal., 

Table 1: Phenotypic Variations in Hexosaminidase Deficiencies 

[adapted from Johnson (1981)] 

PHENOTYPE USUAL DENOMINATIONS 

I - INFANTILE 
ENCEPHALOPATHY 

Alpha-locus 

Beta-locus 

Activator locus 

— Tay-Sachs disease 
— Tay-Sachs disease — 

genetic compound with 
residual HEX A 

— Sandhoff disease 
— Sandhoff disease — genetic 

compound 
— AB variant 

LATE INFANTILE OR 
JUVENILE ENCEPHALOPATHY 

Alpha-locus — Juvenile Tay-Sachs disease 
— Juvenile Tay-Sachs disease 

compound 
Beta-locus —Juvenile Sandhoff disease 
Activator locus, — 

III - CEREBELLAR ATAXIA 
Alpha-locus 

Beta-locus 

— ALS phenocopy 
— Kugelberger-Welander phenocopy 
— Kugelberger-Welander phenocopy 

with ataxia (this report) 

— Atypical spinocerebellar 
degeneration 

— Juvenile cerebellar ataxia 
(Ramsey-Hunt phenocopy) 

— Adult onset spinocerebellar 
ataxia 

Activator locus — 
IV - MOTOR NEURON 

DISEASE 
Alpha-locus 

Beta-locus 

Activator locus — 
V - ADULT ONSET 

ENCEPHALOPATHY 
Alpha-locus — 
Beta-locus — 
Activator locus — Adult GM2-gangliosidosis with 

dementia, seizures and normal 
pressure hydrocephalus 

VI - ASYMPTOMATIC OR 
PRE-SYMPTOMATIC ADULTS 

Alpha-locus — "Total" HEX A deficiency 
— "Near total" HEX A 

deficiency 
Beta-locus — HEX A and B deficiency 
Activator locus — 
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1983;Yamaguchietal., 1983;Sakurabaetal., 1983;Federicoet 
al., 1980). In addition to the spino-cerebellar symptoms many 
of these cases have myoclonus and a macular cherry-red spot, 
with or without progressive mental deterioration. 

The above occurrences are reasons enough to screen all 
atypical forms of hereditary ataxias for a possible lysosomal 
enzyme deficiency, particularly of Hexosaminidase, p-galacto-
sidase and neuraminidase. Previous studies by others in the 
French Canadian population had indicated that these mutations 
did exist in that particular group. Andermann et al. (1977), 
Andermann and Andermann (1982) described typical (infantile) 
Tay-Sachs disease in French Canadians from 5 families living in 
Eastern Quebec; and Sandhoff disease in a further 2 families 
from the Eastern Townships. None of these, however, had the 
juvenile or adult (chronic) forms of gangliosidosis. One of the 
latter families had been reported in detail by Melancon et al. 
(1974), the other partially by Aronson, (1964). Andermann et al. 
(1977) also report the results of a screening program for 
Hexosaminidase deficiency carriers in French Canadians. In 
Montreal, French Canadian controls had a heterozygote fre­
quency of 0.3% while Jews of Ashkenazi origin had a frequency 
of 4.2%. However in the French Canadian deme (area of high 
incidence) in Eastern Quebec, the heterozygote frequency was 
18% (six times higher than in the Ashkenazi Jews). This figure 
increased to 20.4% in the Tay-Sachs relatives and was still 7.6% 
in "unrelated" spouses. Such resultsjustify the present enquiry. 

SUBJECTS AND METHODS 

Leukocyte hexosaminidase, neuraminidase and (J-galactosidase 
activities were measured in a consecutive series of 11 patients 
with typical Friedreich's disease as defined by Geoffroy et al. 
(1976). These patients were compared to 3 control groups, 
matched for age range: 11 patients with closely related reces­
sive ataxia (Acadian subtype of Friedreich; Charlevoix-Saguenay 
syndrome and unclassified others) (Bouchard et al., 1978); 13 
neurological controls (8 with recessive dystonia musculorum 

deformans and 5 with familial spastic paralysis). Finally 16 
normal subjects also served as controls. All the patients and 
controls were French Canadians (ie: all four grandparents were 
French Canadians from Quebec). 

Leukocytes were isolated by the dextran differential sedi­
mentation procedure as previously described (Barbeau et al., 
1980; Snyder and Brady, 1969). Proteins were measured with 
the method of Lowry et al. (1951). Hexosaminidase total, A and 
B activities were measured using a modification of the method 
of O'Brien et al. (1970) for serum as described in the Labora­
tory Manual for Biochemical Genetics Jan. (1982 revision) from 
Hayward Genetics Center, New Orleans, kindly given to us by 
Dr. E. Shapira. 

4-methyllumbelliferyl-N-acetyl-B-D-glucosamide (Suzuki et 
al., 1971) was used as the artificial substrate. Determination of 
P-galactosidase activity and of neuraminidase activity in leuko­
cytes was done according to the methods of Hong et al. (1980) 
and Sakuraba et al. (1983) using the fluorogenic substrates 
4-methyllumbelliferyl-ot-D-N-acetyl neuraminate and 4-methy 1-
lumbelliferyl-p-D-galactopyranoside. Measurement of the cold 
stable form of neuraminidase was done after 5 successive thaw-
ings and freezings. For the purpose of this report we have called 
neuraminidase A the labile enzyme and neuraminidase B the 
cold-stable form. 

RESULTS 

The primary purpose of this investigation was to verify the 
state of these lysosomal enzymes in the classical form of 
Friedreich's disease (Geoffroy et al., 1976). Control groups 
were included to rule out other contributing factors which 
could have played a role, had the values in Friedreich been 
found abnormal. This study was not intended as a screening 
procedure in hereditary ataxia among the French Canadians. 

As seen in Table 2 the activity of the three enzymes was 
entirely normal in typical Friedreich's disease. In the neurologi­
cal controls, equally, no significant deviation from normal could 

Table 2: Leukocyte Lysosomal Enzymes in Friedreich's Disease and Controls 

ENZYME 

(Mean ± SEM) 

NORMAL CONTROLS FRIEDREICH ATAXIC CONTROLS 
NEUROL. 

CONTROLS 

(1) HEXOSAMINIDASE 
(nM/mg Prot/hr) 

(2) NEURAMINIDASE 
(nM/mg Prot/min) x 10"3 

(3) 0-GALACTOSIDASE 
(nM/mg Prot/hr) 

(16) (II) (10) + (1*) 

Total: 85 ± 7 87 ± 5 109 ± 10 (90) 

(13) 

A: 
B: 
%A: 
Total: 

A: 
B: 
%A: 
Total: 

225 ± 25 
146 ± 16 
64 ± 2 
401 ± 39 

13 ± 1 
6 ± 1 
70 ± 2 
19 ± 2 

238 ± 21 
183 ± 19 
57 ± 2 
421 ± 37 

11 ± 1 
6 ± 1 
68 ± 2 
17 ± 1 

288 ± 40 
147 ± 28 + 

69 ± 3 
435 ± 40 

14 ± 2 
6± 1 
71 ± 3 
20 + 2 

(38) 
(7) 
(85) 
(45) 

(11) 
(7) 
(60) 
(18) 

257 ± 31 
133 ± 23 
64 ± 3 
390 ± 28 

16 ± 2 
8 ± 1 
67 ± 3 
24 ± 2 

98 ± 8 

*separated from other controls because of clearly abnormal values 
"""includes one patient with value of 22.5 (see text) 
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be found, ie familial spastic paralysis and dystonia musculorum 
are not due to a deficiency in these three enzymes. Both these 
neurological control groups were purposely chosen to rule out 
the contribution of two components often observed in heredi­
tary ataxia: dystonic postures and spasticity. 

In the ataxic control group, normal values were found in all 
patients but two. In particular the patients with Charlevoix-
Saguenay syndrome had entirely normal activities of the three 
enzymes and their isosymes. One man, however, with a very 
atypical form of ataxia turned out to have extremely low activ­
ity of both the A and the B form of Hexosaminidase, thus to 
possibly suffer from an adult form of Sandhoff disease. Further 
studies were carried out in the family, as seen below. Another 
patient, a 39 year-old woman with a mild form of recessive 
ataxia had a low total Hexosaminidase activity (202nM/mg 
Prot/hr). Hex A activity was only slightly decreased (180nm/mg 
Prot/hr), but Hex B activity was markedly decreased at 22.5nm/mg 
Prot/hr, thus 80% of the enzyme activity is in the A form. 
P-galactosidase (90nm/mg Prot/hr) and neuraminidase activi­
ties (total: 21.4; A: 14.1; B: 7.3 (nm/mg Prot/hr) x 1(T3) were 
entirely normal in that woman. 

DISCUSSION 

It is very unlikely that "typical" Friedreich's disease would 
ever be confused clinically with any of the entities caused by a 
lysosomal enzyme deficiency. For example knee-jerk reflexes 
are always absent in Friedreich, whereas they are normal or 
increased in all of the late onset lysosomal disorders with 
ataxia. Evidence of more widespread CNS involvement is also 
the rule in lysosomal disorders. The three enzymes studied are 
the only ones where mutations have been known to produce a 
progressive spino-cerebellar syndrome in adolescence or 
adulthood, therefore it is unlikely that a lysosomal disorder will 
turn out to be the cause of Friedreich's disease. Enzyme activ­
ity was never increased, thus an activator protein defect can 
also be eliminated. These negative result are to be added to the 
mosaic of data gathered on this disease in the course of the 
Quebec Cooperative Study. It is hoped that each piece of the 
puzzle will gradually help in unraveling the mystery and in 
focussing on the basic defect. 

Meanwhile, the discovery of two possible cases of lysosomal 
enzyme deficiencies among only 11 cases of "atypical" reces­
sive ataxias studied, certainly would appear to recommend the 
institution of a screening program for such cases. In the same 
period we had the occasion to study another 12 cases of "atypical" 
recessive ataxia, from ethnic origins other than French Canadian. 
One of these, a young girl from South America, was also seen at 
the Montreal Neurological Institute where a Hex A deficiency 
was confirmed. Thus from 10 to 15% of atypical recessive 
inherited ataxias in adolescent and adults could be lysosomal 
enzyme deficiencies. This surprising finding would again jus­
tify the establishment of a screening program for adults in any 
large population basin. 

Case 1 (R.C.) (IRCM no 3981). The patient with possible adult 
Sandhoff disease is a 44 year-old man, one of 5 children of a non 
consanguinous marriage. He was born in Montreal but his parents were 
from Joliette and region. His birth and early years were normal until the 
age of 6 when tremor of the hands was noted. Shortly afterwards the 
mother noted a progressive dysarthria. The patient is tall (6'3") and 
extremely thin (140 lbs) with long, thin fingers and was always taller 

than his friends. This is probably why his ungainly and hesitant gait was 
ascribed by his parents and doctors to "growth problems". There is a 
pectus excavatus but no laxity of ligaments, no hyperelasticity and no 
ectopic lens. The heart and vessels are normal. After the age of 20 the 
hand tremors became worse and were accompanied by large amplitude 
abnormal movements of the limbs with changes in posture. The legs 
were also weaker. A wide angle scoliosis developed at that time and the 
dysphagia became worse, very dystonic in tone. Gait became gradually 
stiffer, but not markedly more ataxic. At the age of 22 the patient was 
seen by a neurologist who diagnosed dystonia musculorum deformans. 
At the age of 30 (in 1971) the patient was investigated for the first time 
by the senior author at the Hotel-Dieu Hospital. At examination the 
above noted features were confirmed. The neurological examination 
also revealed the dystonic postures on active voluntary contraction and 
dysarthria but no dysphagia. The cranial nerves were otherwise normal 
except for frequent action grimaces. No cherry-red spots were seen. 
Fasciculations were present at the level of the shoulders and arms and 
in the legs and there was a coarse, rapid tremor of both hands. All limbs 
were stiff, but no extrapyramidal rigidity or cogwheeling were found. 
Deep tendon reflexes were brisk (2 +) in the upper limbs but normal or 
decreased in the legs. The plantar response was bilaterally flexor. 
There was clear atrophy present distally in hands and legs and marked 
weakness of triceps and biceps. No atrophy of paraspinal muscles. 
Sensations were slightly decreased to touch bilaterally, but vibration 
and position sense were normal. Psoriasis was present over the knees 
and elbows. Finally finger to nose and heel to knee tests were slightly 
ataxic and dysmetric (score 1.5/3). The clinical diagnosis at that time 
was Kugelberg-Welander syndrome, a diagnosis confirmed by the 
electromyographic and nerve conduction examinations (Drs. A. Aguayo 
and J.M. Peyronnard). Conduction velocities in sensory and motor 
nerves were normal. The other laboratory tests were all normal except 
for a slightly increased but constant calciuria. 

The patient was lost to follow-up for 5 years. When seen again in 
1976, he was weaker and the fasciculations were more widespread. The 
psoriasis,' however, had progressed. In 1979, the tremors spread to the 
trunk and the dystonic postures were worse in the left hand. The 
dysarthria was also worse. Because of the important dystonic compo­
nent a ceruloplasmin determination was done but was normal at 28 
mg %(N: 15-60mg %).lnthelastfewyears,thegaitdifficultiesincreased 
and explained why he was included in the "atypical" ataxia group of 
patients which we studied. Myoclonic jerks were often seen recently 
but no seizures. The mental status is normal with a low-normal l.Q. 

The proband is the oldest of 5 children. He has one neurologically 
normal brother who has psoriasis and one brother (case 2) who suffers 
from an identical disease and psoriasis. Both sisters refused to be 
examined, but are said to be neurologically normal except for the 
youngest who has psoriasis. The father died at age 67 from intestinal 
adenocarcinoma. He had no neurological symptoms or signs. The 
mother, now 71, is entirely normal. The parents were not related as far 
as they knew. 

Case 2 (J .C.) (IRCM no 3981.01). This patient is now 39 years old. His 
history and neurological examination are absolutely identical to that of 
his brother (case I). On the telephone the dysarthria is so identical that 
it is impossible to distinguish them. The patient was never hospitalized 
under our care. At examination he has the dystonic postures of head, 
face and neck, the fasciculations, the muscle weakness, the tremor of 
the hands, the pectus excavatus, the scoliosis of his brother. The deep 
tendon reflexes and the plantar responses are normal. There are no 
sensory signs or symptoms. However, it is impossible to detect ataxia 
in finger to nose, gait or heel to shin tests. This is in contrast to his 
brother. 

Some of the members of the family could be examined biochemically. 
The results of these tests are given in Table 3. It is seen that case 2 has 
an even more severe deficiency in both Hex A and Hex B and that he 
also has the Sandhoff biochemical profile. The mother (G.T.C.) is 
obviously an heterozygote carrier with enzyme activities approximately 
half of the normal values. Interestingly the normal phenotype brother 
(G.C.) has a decreased (-58%) activity of Hex A, but an increased 
(+18%) activity of Hex B in the leukocytes. If these changes are 
confirmed in fibroblasts, it is possible that the family may be a genetic 
compound with respect to hexosaminidase. These and other studies are 
being carried out and will be reported elsewhere. 
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Table 3: Adult Sandhoff Disease Hexosaminidase Activity 

RELATIVES 

RC - PROBAND (case 1) 

GTC —MOTHER 

GC — BROTHER (normal) 

JC — BROTHER (case 2) 

NORMAL CONTROLS 
(our laboratory N = 16) 

TOTAL 

44.4 

194.2 

279.3 

37.0 

401 ± 39 

A 

37.6 

137.0 

106.0 

23.4 

255 ± 25 

LEUKOCYTES 

(nM/mg Prot/hr) 
B 

6.7 

57.2 

173.3 

13.6 

146 ± 16 

% A 

84.8 

70.6 

37.9 

63.2 

64 ± 2 

TOTAL 

63.6 

— 
1080.0 

16.5 

792 ± 24 

A 

13.2 

— 
570.0 

16.5 

505 ± 13 

SERUM 

(nM/ml/hr) 
B 

50.4 

— 
510.0 

0 

287 ± 25 

% A 

20.7 

— 
47.2 

100.0 

64 ± 2 

It is of interest that in this family the Kugelberg-Welander phenotype 
is present in both affected brothers, but that the ataxia is only present in 
one. To our knowledge the Kugelberg-Welander phenotype has only 
been reported in two families (Johnson et al., 1982; Karpati, G. — 
personal communication). In both of these the alpha-locus (Hex A) was 
the culprit. The present family would be the first with a biochemical 
Sandhoff profile and the phenotype Kugelberg-Welander ± ataxia. 

Case 3 (H.G.) (IRCM no. 6180). A word should be said about the 
patient whose leukocyte Hex B activity was markedly decreased (- 85%) 
while Hex A was at the very lower limits of the normal range (2 SD) 
( - 29%). These results are from duplicate tests. This patient was only 
examined once in the field and no fibroblasts have yet been grown. This 
is a 39 year-old woman who had walking difficulties from age 2 or before. 
She is said to have walked on her tip-toes most of her childhood. 
Presently her ataxia is moderate on finger to nose and gait. Alternating 
movements are slow. The fundi are pale and there is no retinitis. A 
severe internal strabismus is present on the right. Dystonic postures 
are not evident. Speech is only slightly hesitant. The patient is said to 
have a 9 year-old son who has internal strabismus of the right eye and 
some speech hesitancy. Two of her sisters also have some ataxia and 
strabismus. Further biochemical and clinical investigations will be 
carried out when the family grants permission. 

CONCLUSION 

Our studies revealed first that lysosomal enzyme deficien­
cies known to be associated with some spino-cerebellar degen­
erations are not present in Friedreich's disease or the Charle-
voix-Saguenay syndrome. Secondly, a very small scale survey 
of "atypical" recessive hereditary ataxias turned up 3 cases of 
severe deficiencies in Hexosaminidase activity. Two adult broth­
ers presenting with the clinical phenotype of Kugelberg-Welander 
disease (one also with ataxia), were shown to have a severe 
deficiency of both Hex A and Hex B activities (Sandhoff bio­
chemical pattern). This is the first such report. A further female 
patient, unrelated to the others, had a severe isolated defi­
ciency of Hex B and presented with a very slowly progressive 
and mild ataxia, with severe internal strabismus. These patients 
and their families are being studied clinically and biochemically 
in greater detail and will be reported elsewhere. However, 
these preliminary findings justify screening for such lysosomal 
defects in all cases of "atypical" recessive ataxia. 
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