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Abstract

We report a family of 4 siblings from a non-consanguineous marriage, presenting with an early onset recessive cerebellar ataxia
and progressive distal limb wasting. Ocular or other telangiectasias were absent. There were neither frequent infections nor
immunodeficiencies. The two youngest patients exhibited an incapacitating myoclonus which abated markedly after 20 years. Late
onset diabetes was demonstrated in 3 patients. Hypogonadism was not a feature and there was a prolonged survival in the 4 patients.
The oldest sibling died of a pancreatic adenocarcinoma. a-Fetoprotein was elevated with normal carcinoembryonic antigen values
in three patients. Cytogenetic analysis and radioresistant DNA synthesis was compatible with the diagnosis of ataxia-telangiectasia.

This family probably represents a rare variant of ataxia-telangiectasia.
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1. Introduction

Ataxia-telangiectasia (AT) is an autosomal recessive
multisystem disorder with a variable clinical expression.
In the original descriptions onset of cerebellar ataxia in
infancy and ocular telangiectasia were considered to be
distinctive features [1-3]. Other important clinical and
laboratory markers such as recurrent sinopulmonary in-
fections, immunodeficiency, impaired organ maturation,
X-ray hypersensitivity and a high incidence of malig-
nancy were discussed by Waldmann et al. [4]. More
recently Sedgwick and Boder [5] reviewed the various
aspects of this disorder. Increased a-fetoprotein and
carcinoembryonic antigen have been recognized as im-
portant biochemical hallmarks [6,7]. Cytogenetic analy-
sis, as reviewed by Kojis et al. [8], has revealed highly
non-random chromosomal breakage in T-lymphocytes,
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mainly involving chromosomes 7 and 14, with inversions
and translocations and, in some cases, telomeric fusions.

Another characteristic feature of AT is radioresistant
DNA synthesis after ionizing radiation [9], but this is
also true for the Nijmegen Breakage Syndrome [10,11].

We present a family of 4 siblings with several unusual
features compared with the classical descriptions of AT
and suggest that these patients represent a probable var-
iant of this disorder. Cytogenetic analysis and DNA re-
sistant synthesis after irradiation as diagnostic proce-
dures in such cases is recommended.

2. Family history

The 4 patients were the children of non-consanguine-
ous parents of mixed ancestry. Patient 1 was the first
child, patient 2 was the 11th, patient 3 the 12th and
patient 4 the 14th and last child. Three other children had
died at an early stage of their lives of apparently unre-
lated causes. Both parents and all living siblings were
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clinically and neurophysiologically investigated. No ab-
normalities were detected in the non-affected. Epilepsy
did not occur in the family. The pregnancies and postna-
tal periods of the 4 patients had been uneventful. None
of them smoked or used alcohol and they had not been
exposed to drugs or other toxic substances. They were
not known to be allergic to environmental or food items.
The father died of a prostatic adenocarcinoma with me-
tastases at the age of 75 years. Recently the mother died
of a not further defined metastatic carcinoma at the age
of 74 years.

3. Case history

Patient 1 (female, born 1940)

The time of onset of her symptoms and signs was
difficult to ascertain accurately. She walked at 3 years of
age, but her gait was apparently never entirely normal
and she became increasingly ataxic. Distal limb wasting
was noted before she was 10 years old. When first seen
in 1978 she was cooperative and mentally slightly sub-
normal. Fundi and auditory functions were unremarka-
ble. There was a slow initiation of both horizontal volun-
tary and involuntary eye movements, poorly sustained
horizontal eye movements and a vertical gaze paralysis.
Her speech was explosive and severely dysarthric.
Tongue movements were slow. Gross cerebellar ataxia
could be demonstrated in the trunk, upper and lower
limbs, although more in the upper limbs, than in the
lower ones. No tendon jerks could be elicited. Light
touch and pinprick sensations were decreased below the
knees, vibration and position sense were diminished in
the toes. When she kept her arms in an outstretched
position choreoathetotic movements in her hands and
fingers were noted. Marked distal wasting in upper and
lower limbs was present. The intrinsic foot muscles were
fibrosed. Minimal ankle flexion could be performed.
Strength in the intrinsic hand and foot muscles ranged
from 0/5 to 2/5. She was wheelchair-bound when she was
32 years old and bedridden at the age of 46 years. Her
previously normal fasting glucose levels had slightly
risen during her last 2 years. She died of a pancreatic
adenocarcinoma at the age of 50 years. Autopsy could
not be performed.

Patient 2 (female, born 1956)

According to her mother nothing abnormal was noted
until she was 10 years old. Then she developed an un-
steady gait soon followed by clumsy handwriting and
weakness in her legs. Her speech became dysarthric
somewhat later. She could not pass primary school be-
cause of her handicaps. When first examined in 1978, her
IQ was found to be slightly subnormal. Ocular fundi and
auditory functions were normal. Eye movements were
characterized by slow initiation and many saccadic

movements when looking to the right and left, vertical
eye movements were normal, there was no eye muscle
paresis. Tongue movements were slow. Her speech was
severely dysarthric with a scanning component. Marked
cerebellar ataxia was seen in upper and lower limbs,
more so in the former. Moderate wasting in lower leg and
foot muscles was demonstrated. Tendon reflexes and
sensation were normal, plantar responses flexor. She
walked with a high-stepping and broad-based gait. Over
the ensuing years wasting of the distal parts of her lower
limbs markedly increased, and distal wasting in her
upper limbs appeared. Ankle jerks could no longer be
elicited. Sensation remained normal. Outstretched upper
limbs provoked athetoid movements and mild myoclonic
jerks in her fingers. She was able to walk unsupported
for only a few steps. Non-insulin dependent diabetes
mellitus developed over the last few years.

Patient 3 (male, born 1957)

This patient’s early development was reported to be
normal. He could run until he was 10 years old. Then his
gait was noted to be unsteady, his speech deteriorated,
became indistinct and explosive and clumsiness in his
fingers began to interfere with his writing. He also be-
came aware of weakness in his legs. At the age of 14 years
gross myoclonic jerks appeared, seriously upsetting his
balance and preventing him from walking unsupported.
At 19 years of age he was wheelchair-bound.

The first clinical investigation, in 1978, revealed a co-
operative young man of slightly subnormal intelligence.
Fundi and auditory functions were normal. Initiation of
lateral eye movements was slow and many saccadic
movements were seen when lateral gaze was attempted.
Passive head rotation did not provoke contralateral eye
movements and there was no excessive blinking. Vertical
eye movements were unaffected. Severe ataxia and dys-
metria were apparent on cerebellar testing, more obvious
in the upper than in the lower limbs. Truncal ataxia was
difficult to assess on account of massive myoclonic jerks
which threw him into the pillow or to the floor. Neck,
trunk and shoulder muscles were mainly involved. His
head turned to the right when he was jerking. Concurrent
with these movements, tonic wrist flexion with hyperex-
tension of thumb and index fingers was noted. Emotion,
auditory and tactile stimuli precipitated the myoclonus.

Tendon jerks could be elicited, except at the ankles.
Plantar responses were flexor. There was a decreased
perception of vibration below the ankles. The other sen-
sory modalities were normal. Marked distal wasting in
upper and lower limbs and conspicuous fasciculations
were noted in the affected muscles.

Over the following 15 years cerebellar functions slowly
deteriorated. Distal wasting in upper and lower limbs
increased. Strength in the intrinsic hand and foot muscles
ranged between 0/5 and 2/5. A marked decrease in inten-
sity and frequency of his myoclonic jerks had occurred
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during the last two years of routine follow-up. His fast-
ing glucose levels had exceeded normal values during
these years.

Patient 4 (male, born 1962)

This patient was well until his first symptoms appeared
at the age of 7 years, comprising unsteadiness of gait, an
explosive and scanning speech, clumsy handwriting and
weakness in his legs. At the age of 10, coarse jerks, very
similar to those observed in his brother appeared and he
was bedridden when he was 15 years old.

Initial neurological examination in 1978 was similar to
that in his brother, including the abnormalities of the eye
movements. Further clinical examinations and routine
investigations were not essentially different from those
of his brother. It is noteworthy that the coarse myoclonic
jerks decreased markedly during the last year similar to
those in his brother.

Table 1

Clinical features of ataxia-telangiectasia as described by Sedgwick and

Boder [5] compared with those in the present family

Sedgwick and

Present family

Boder [5]
Neurological
Onset of cerebellar  infancy or end of first decade in
ataxia childhood 3 subjects, 1 in infancy
Course progressive progressive
Speech dysarthric dysarthric
Choreoathetosis variable mild
Myoclonus occasional massive in 2 patients,

Progressive neuro-
muscular
changes

Deep reflexes

Deep and super-
ficial sensation

Ocular abnorm-
alities

Drooling

Cognitive
development

Equable disposition

Non-neurological
Telangiectasia
(ocular and other)
Sinopulmonary
infections
Progeric changes
Hypogonadism
Retardation of
somatic growth
Late onset diabetes
Neoplasms

Wheelchair-bound
Survival

late stages
diminished or
absent

intact, diminished
in late stage

apraxia and other
frequent

arrested
characteristic

characteristic

frequent
frequent
frequent

frequent
frequent
frequent

10-15 years
usually less than
2 decades

abating after 20 years

early stages
present, except at
ankles

mild

apraxia and other
absent

arrested
characteristic

absent

exceptional
absent
absent

absent

in 3 patients

in oldest patient

at age 50 yrs

3d decade in 2 patients

prolonged

Table 2
Serum Ig levels in the 3 youngest patients and their parents

Patient Patient Patient Mother Father Normal range
2 3 4
IgA g/l 7.23 3.54 5.62 3.63 8.96 0.80-3.00 g/l
IeG gl 2090 21.00 18.00 25.10 17.60 7.70-15.10 g/t
IgM g/l 3.06 3.23 2.14 2.68 0.78 0.65-2.10 g/l
IgE g/l 243.00 93.0 700.00 233.00 321.00 <116.0 g/t

Table 1 shows the similarities and differences of the
clinical features of AT, as described by Sedgwick and
Boder [5], and the present family.

4. Laboratory investigations

Routine laboratory examinations of blood, urine and
cerebrospinal fluid were normal, except for a slightly
raised alkaline phosphatase level in patient 2. A diagno-
sis of diabetes mellitus was made in patients 1, 2 and 3
at the age of 48, 34 and 36 years respectively. Fasting
cholesterol values in the 3 oldest patients were raised
with unfavourable HDL/total cholesterol and HDL/
LDL ratios.

The following screening involved the 3 youngest pa-
tients only: arylsulphatase A, f-galactosidase and hex-
osaminidase A in serum. Thin-layer chromatography of
urinary oligosaccharides showed no abnormal bands,
and the absence of sialylated oligosaccharides and free
sialic acid excluded the sialidoses and free sialic acid
storage disorders. Urine amino acid profiles were normal
in all 3 siblings.

Immunological evaluation comprising lymphocyte
transformation to phytohaemagglutinin (PHA) mitogen,
white blood and lymphocyte counts, cell subsets, com-
prising total T and B cells, T helper and T suppressor
cells elicited normal values in the 3 youngest patients and
their parents. Serum immunoglobulins are shown in
Table 2.

The a-fetoprotein serum values in patients 2, 3, and 4
were 737, 448 and 599 ng/ml, respectively. The
carcinoembryonic antigen levels in these patients were 8,
6 and 9 ng/ml, respectively (normal range for the two
oncofetal antigens is =< 10 ng/ml). These values for both
parents were normal.

Other diagnostic procedures

Computerized tomography (CT) and Magnetic reso-
nance (MR) scans revealed a moderate cerebellar atro-
phy, mainly affecting the vermis, in the 3 youngest sib-
lings. A severe cerebellar atrophy was most conspicuous
in the vermis of the oldest patient, only in this patient
some brainstem involvement was visible. The supraten-
torial areas of all siblings were normal.
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Ultrasonic studies of the abdomen and the pelvis as
well as scintigraphy of liver and spleen were normal in
each of the 3 youngest patients.

Electrocardiographic investigations in patient 2
showed signs in keeping with anterolateral and inferior
ischemia. Echocardiographic studies in the two youngest
subjects disclosed endocardial thickening of both right
and left ventricular aspects of the inter-ventricular sep-
tum, possibly fibro-elastosis.

Neurophysiological studies

Electroencephalographic recording was normal in
each of the 4 patients. Whole night sleep records in the
two youngest siblings were also normal. Electromyogra-
phic sampling in upper and lower limbs revealed numer-
ous denervation potentials and fasciculations as well as
a marked reduction in the number of motor unit poten-
tials on maximum effort. Motor nerve conduction stud-
ies disclosed a moderate reduction in conduction veloci-
ties (CV) in the upper limbs and there was no response
in the lower limbs of the 3 oldest sibs. Amplitudes were
markedly reduced. Sensory CVs in median and sural
nerves were either normal or slightly diminished, the
amplitudes were reduced. A deterioration in both motor
and sensory CVs was recorded over the years.

Somatosensory evoked potentials, recorded from
stimulation at wrist and ankle were normal. Brainstem
auditory evoked potentials were also normal. Visual
evoked potentials could not be reliably recorded on ac-
count of extrapyramidal movements, except in patient 2
in whom they were normal. Audiograms of the two
youngest brothers were unremarkable.

Biopsies

A sural nerve biopsy performed on the youngest
patient showed a 50% reduction of large myelinated
fibres when compared with a normal age-matched
control. Small myelinated and unmyelinated fibres were
normal in structure and number. There was no
‘onion bulb’ formation and no evidence of demyelina-
tion, active axonal degeneration, or sprouting and
cluster formation. Schwann cell proliferation was not
apparent.

The transverse axonal area was decreased relative to
the myelin sheath spiral. The areas were 50% less than
for the age-matched control. There were no cytoplasmic
inclusions in the Schwann cells suggestive of metabolic
disorders.

A muscle biopsy of patient 4 showed neurogenic atro-
phy of his gastrocnemius muscle.

Cytogenetic studies

Cytogenetic analysis was done on lymphocytes of the
3 youngest affected siblings as well as the mother. The
lymphocytes were stimulated with phytohemaggtutinin
and cultured for 96 h. A total number of 100 trypsin-

Giemsa banded metaphase spreads were analysed from
patients 2 and 3, while only 80 metaphases of patient 4
were available for analysis. 50 metaphases of the mother
were analysed.

Table 3 shows the rearrangements encountered. No
rearrangements were found in the chromosomes of the
mother. Telomeric fusions were absent. Chromosome
breakages occurred in 10% of metaphase spreads of pa-
tients 2 and 4, with 5% in patient 3 and 6% in the mother.
Aneuploidy of metaphases with loss of a single chromo-
some (different in each metaphase) was found in 3 cells
of patient 2. Two additional cells showed a 45,XO com-
plement. Random chromosome loss was found in 2 met-
aphases of patients 3 and 4 out of 80 metaphases of
patient 4. The mother had 6 metaphases (12%) showing
a loss of one X chromosome (45,X0), with random loss
of 1 chromosome in 3 other metaphase spreads and addi-
tional chromosomes in 3 metaphases (the extra chromo-
somes were 7, 17 and 15 and 19).

Radioresistant DN A synthesis

Inhibition of DNA synthesis after gamma irradiation
of cultured skin fibroblasts was assayed as described by
Jaspers et al. [11]. Cell cultures in dishes were prelabelled
with ["“C]thymidine, exposed to various doses of gamma
rays ('"”’Cs), and then incubated for 4 h in medium with
[H]thymidine. The ratio of *H and *C incorporation
was established by dual label liquid scintillation counting
and the DNA synthesis rate was expressed as a percent-
age of the rate in unirradiated cells.

Fig. 1 shows the results for the cell strains of the three
patients (patient 2, 3 and 4), one known AT patient and
a control. In normal control cells the DNA synthesis rate
after 10-20 Gy is generally reduced to 25-40% of the
level in the same cell strain without irradiation. By con-

Table 3
Rearrangements of chromosomes in lymphocyte cultures of 3 affected
siblings

Number/patient

Patient 2 Patient 3 Patient 4
t(7;14)(pl13;qll) 5 1 1
t(7;14)(q34;q32) 2
t(7;14)(q34;q11.2) 5
t(7;9)(p13;922) 1
t(7;7(pl13;922) 1 i
inv(7)(p13;q34) 1 5 3
1(6;9)q23;q22) 1
t(6;16)(q22;921) 2
t(2;4)(p25.1;q13.1) 1
46,XX,13q+
46,XY,10p+ 1
46,XY,del(11)(p11.2p12) 5
Total of cells analysed 100 100 80
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Fig. 1. Inhibition of DNA synthesis after gamma irradiation of cultured
skin fibroblasts of patients 2 (7), 3 (+) and 4 (x), a patient with ataxia
telangiectasia (o) and a normal control individual (m).

trast the DNA synthesis rate in AT cells remains at a
much higher level: generally 60-85% of the level in unir-
radiated cells.

The relative DNA synthesis rate in cells of the 3 sib-
lings was clearly elevated and in the range for AT pa-
tients.

The increased level of ‘radioresistant DNA synthesis’
is in accordance with the diagnosis of AT.

5. Discussion

In a recent review Sedgwick and Boder [5] outlined the
clinical and laboratory parameters of AT. They stated
that an early-onset progressive cerebellar ataxia with a
later onset of oculocutaneous telangiectasia is an abso-
lute requirement for the diagnosis. They thought it con-
ceivable, however, that telangiectasia might be absent. In
the present family the following differences compared
with the classical features of AT were observed: telang-
iectasia ocular or otherwise, even in advanced stages was
absent, a severe and progressive distal amyotrophy was
a prominent early feature, violent myoclonus in 2 pa-
tients was conspicuous, frequent sinopulmonary infec-
tions did not occur, there were no signs of either female
or male hypogonadism and the 4 patients had a pro-
longed survival.

During the last decade a few cases of possible AT
variants without telangiectasia were reported [12-14].
Telangiectasia is not a feature in the syndrome mimick-
ing AT described by Aicardie et al. [15]. We agree that
this syndrome does not represent an AT variant and
should rather be classified as a spinocerebellar degenera-
tion without known aetiology.

Recently Willems et al. [16] published a well-docu-

mented report of 2 siblings with an atypical presentation
of AT involving absence of telangiectasia. Qur patients
differ from those of these authors in that they were not
quadriplegic, had retained tendon reflexes, except at the
ankles, showed only mild sensory deficits and had nor-
mal ocular fundi, none of them was obese.

Although distal limb wasting is well-known in ad-
vanced stages of AT [3,5,17-19], progressive amyotro-
phy as a prominent symptom in the early stages of this
disorder is unusual. In the presumed case of AT reported
by Terenty et al. [20] the polyneuropathy appeared late
in the second decade and preceded the ataxia, ocular
telangiectasia was absent and there was a history of con-
sanguinity. Chromosomal and radiosensitivity studies
were lacking. In our opinion there is insufficient evidence
to support the diagnosis of an AT variant in this case.

Peripheral neuron degeneration in AT is well de-
scribed [18,21-23] and documented. Loss of large myeli-
nated fibres in sural nerve biopsies is a frequent finding
[16,21,23]. Neurogenic muscular atrophy is also regu-
larly reported [5,18,19]. Kwast and Ignatowicz [22] sug-
gest that the slowly progressive sensory system degener-
ation and the neurogenic amyotrophy could be regarded
as characteristic features of AT. This seems to be in
agreement with the current concept of AT as a multisys-
tem disorder. Peripheral neuron degeneration is un-
doubtedly present in our patients, convincing evidence of
anterior horn cell degeneration, however, could not be
shown. The latter is well-known to occur in neuropathol-
ogical reports [17,24]. Taking into account the long sur-
vival of our patients such changes are likely to be pres-
ent.

Although choreoathetosis is the most frequently re-
ported extrapyramidal feature in AT, myoclonus is well
recognized [1,3,5,18]. The violent manifestations,seem to
be rare, but may occur [1,5]. Conspicuous abating after
20 years which was remarkable in our 2 youngest pa-
tients has, to our knowledge, not been described. A de-
crease of dystonia after 5 years was mentioned by Byrne
et al. [13]. An explanation for this phenomenon eludes
us.

Sinopulmonary infections and immunodeficiency are
frequently reported in AT patients but are not invariable
[5,25,26]. Both cellular and humoral immunity can be
affected [4]. No correlation has been demonstrated be-
tween isolated and combined immunological defects and
sinopulmonary infections [5,26]. On the other hand, nor-
mal IgA and IgE serum levels have been measured in
patients with AT and notable pulmonary symptoms [27].
The increased immunoglobulins reported in our patients
may have been related to environmental factors, such as
poor living conditions.

Hypogonadism is a prominent feature in AT [5]. Clin-
ical history, gynaecological and ultrasonic investigations
in our youngest female patient showed nothing abnor-
mal in this respect. Secondary sexual characteristics in
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the 4 patients, testicular development and sexual matura-
tion in the 2 youngest patients was normal. Detailed
endocrinological studies, however, were not performed.
It can be concluded that striking congenital sexual ab-
normalities or hypoplasia were not a feature in our pa-
tients.

Diabetes, however, being reported in over 50% of AT
patients in their advanced stages [4,5] could also be
shown in our 3 oldest subjects. Prolonged survival in AT
patients has been reported [5,17,19,28,29]. This is also a
conspicuous feature in our patients. Absence of frequent
sinopulmonary infections and, except in our oldest pa-
tient, also of malignancy are likely to have contributed
to this phenomenon. The excellent nursing care provided
by their mother must also be taken into account in this
respect. It is noteworthy that distal amyotrophy was not
a feature in the patients of de Jonge and Tijssen [29], but
was prominent in those of Goodman et al. [17]. This may
illustrate the variable time of onset and rate of progres-
sion of this clinical sign.

Ocular movements, different from other familial cere-
bellar disorders, as described in the earlier literature
[30,31], cannot always be demonstrated. In 2 of our pa-
tients violent myoclonic jerks prevented detailed oph-
thalmological investigations.

Having in common the onset of ataxia as a symptom
of a cerebellar disorder, although at different ages during
the first decade, there is an obvious diversity in clinical
course, pointing to intrafamilial variations in our family.

Raised serum a-fetoprotein is still considered a consis-
tent parameter of AT [5,6]. Normal values, however,
have been reported [5]. In most cases both a-fetoprotein
and carcinoembryonic antigen are elevated in AT. The
discrepancy between the increased former and the nor-
mal latter oncofetal antigen in our patients is notewor-
thy.

An AT locus (or loci) has been assigned to chromo-
some 11g22-23 [32-34]. Complementation studies after
mutual fusion of cells from different patients have dem-
onstrated the existence of 4 different AT complementa-
tion groups and 2 groups for the related Nijmegen break-
age syndrome [35]. Both the clinical and the genetic
heterogeneity of AT may suggest that there could be
more than one AT gene at this region [33].

Earlier and more recent cytogenetic analysis of AT, as
reviewed by Kojis et al. [8] has disclosed high frequencies
of characteristic chromosomal rearrangements in this
disease, involving mainly specific breakpoints on chro-
mosomes 7 and 14. Translocations and inversions of
these chromosomes have also been found in phenotypi-
cally normal people, although with significantly lower
frequencies, and they are therefore not unique to AT [8].
Chromosomal bands 2 and 22 have also been involved,
although to a lesser extent in reciprocal exchanges with
one another [§8].

The results of chromosomal analysis in the present

study are in general agreement with other studies [8].
Radioresistant DNA synthesis is a characteristic feature
of AT [9]. Recently, however, Jaspers et al. [35] described
variants with a relatively low cellular radiosensitivity and
a normal inhibition of DNA synthesis. The very rare
Nijmegen Breakage Syndrome, characterized by congen-
ital microcephaly and mental retardation, also exhibits
radioresistant DNA synthesis, as well as a high incidence
of malignancy and immunodeficiency. It is, however,
clinically distinct from AT in that the patients do neither
show cerebellar ataxia, and ocular telangiectasia nor in-
creased o-fetoprotein serum levels [36].

The data from the 4 siblings of this family suggest that
the clinical spectrum of AT may include patients in
whom conventional signs and symptoms are absent.

The present report describes a probable rare variant
of AT and underlines the importance of special investiga-
tions such as cytogenetic analysis and radioresistant
DNA synthesis in the diagnostic process and evaluation
of this incurable disease.

Both AT and the Nijmegen Breakage Syndrome can
be detected in the first trimester of pregnancy [36] which
makes adequate diagnostic procedures mandatory in ap-
propriate situations.
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