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ABSTRACT
Ataxia-telangiectasia-like disorder-1 (ATLD1, 
OMIM # 604391) is a very rare clinical condition, 
characterized by slowly progressive ataxia with 
onset in childhood, associated with oculomotor 
apraxia and dysarthria. Laboratory findings 
reveal increased susceptibility to radiation, with a 
defect in DNA repair. Patients with ATLD1 show 
no telangiectasia, have no immunodeficiency, and 
also have preserved cognition. Reflexes might 
be initially brisk and later becomes reduced 
associated with axonal sensorimotor neuropathy. 
Brain magnetic resonance imaging (MRI) detects 
cerebellar atrophy. The condition is caused 
by mutations in the meiotic recombination 11 
(MRE11A) gene. The present study reports on the 
neurophysiologic finding in eight Saudi patients, 
belonging to three Saudi families, who have 
genetically confirmed ATLD1. All investigated 
patients had cerebellar atrophy on brain MRI 
(5/5). Electrophysiologic studies showed normal 
motor conduction velocity (MCV) of the median 
(8/8) and tibial (2/2) nerves, while 5/6 (83%) had 
normal peroneal nerve MCV. The distal motor 
latency (DML) for median, tibial, and peroneal 
nerves was within the normal range in all 
examined patients. The amplitude of compound 
muscle action potential (CMAP) of median and 
tibial nerves was also normal, while that of the 
peroneal nerve was normal in 3/6 (50%). Two 

of seven (29%) patients had reduced amplitude 
of median nerve sensory nerve action potential 
(SNAP) while 3/8 (38%) had a reduction in the 
amplitude of sural nerve SNAP. These findings 
favour an axonal type of neuropathy predominately 
affecting the sensory fibres (axonal sensorimotor 
neuropathy). The present study constitutes the 
largest cohort of ATLD1 patients worldwide who 
had electrophysiologic tests.

KEYWORDS
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INTRODUCTION
Ataxia-telangiectasia-like disorder-1 (ATLD1, 
OMIM # 604391) is a very rare clinical condition 
that is characterized by slowly progressive ataxia 
with onset between 1 and 7 years of age, associated 
with oculomotor apraxia and dysarthria [1,2]. 
Laboratory findings show increased susceptibility 
to radiation, with a defect in DNA repair. Patients 
with ATLD1 show no telangiectasias, have no 
immunodeficiency, and serum alpha fetoprotein 
(AFP) concentrations are normal [3]. They also 
have preserved cognition [1,4]. Reflexes might 
be initially brisk and later becomes reduced. At 
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advanced stages of the disease, tongue and facial 
dyskinesia, choreoathetosis, and dystonia, sug
gesting basal ganglia compromise, might be seen 
[4]. ATLD1 is progressive up to adolescence 
when it stabilizes [4]. There is no increased 
risk for infections or neoplasia, as is seen in 
ataxia-telangiectasia (A-T), but occasionally 
microcephaly is present [1], and pulmonary 
cancer was reported in two Japanese siblings [5].

Brain magnetic resonance imaging (MRI) detects 
cerebellar atrophy, and laboratory tests are non-
informative [4]. Radiosensitivity test is usual
ly present but in a lesser degree than in A-T [3]. 
ATLD1 is caused by mutations in the meiotic 
recombination 11 (MRE11) gene [6].

The largest subset of ATLD patients (15/25) was 
identified from Saudi Arabia [7]. Fernet et al. [1] 
described 10 patients, whereas Bohlega et al. [8]. 
reported another five. The remaining 10 patients 
included four in the UK (2 of them of Pakistani 
origin), two in Italy, and four in Japan [6,9–11]. 
Genetic studies showed that all Saudi patients 
had the same G to C transversion at position 630 
(c.630G > C) located in exon 7, which results 
in the missense change of Trp to Cys (W210C). 
A study designed to assess the allelic frequency 
of this specific mutation in the Saudi population 
[12], found heterozygous genotype G/C of 0.4% 
and concluded that MRE11 should be explored in 
all cases of AT-like phenotype in Saudi Arabia. 
This resulted in the diagnosis later of the five 
patients reported by Bohlega et al. [8].

Chaki et al. [13] reported two sibs, who were born 
with ataxia and cerebellar vermis hypoplasia of 
consanguineous Pakistani parents. One of the 
patients had dysarthria and myoclonus. Miyamoto 
et al. [14] reported a 52-year-old woman 
who presented with progressive myoclonus 
of subcortical origin starting at age 9 years. 
She also presented with mild limb and truncal 
ataxia. Raslan et al. [15], reported two cases of 
ATLD: the first one with ataxia telangiectasia-
like disorder type 1 related to MRE11A gene, 
while the second one had ataxia telangiectasia-
like disorder type 2 related to PCNA gene. 
The first case is an 8-year girl born to non-
consanguineous parents who presented with slow 
progression of gait ataxia which started at 2 years. 

Electromyography (EMG) was done for the patient 
and showed axonal neuropathy. Whole exome 
sequencing (WES) identified two heterozygous 
variants in the MRE11A gene NM_005590.4 
(MRE11):c.1876_1895dup (p.Lys633fs) 
and NM_005590.4(MRE11):c.1516G > T 
(p.Glu506Ter).

Hereditary ataxias are frequently associated with 
peripheral neuropathy. Axonal sensorimotor 
neuropathy is found in ataxia with oculomotor 
apraxia type 1, ataxia with oculomotor apraxia 
type 2, ataxia telangiectasia, cerebrotendinous 
xanthomatosis, Refsum’s disease, and Spastic 
ataxia of Charlevoix Saguenay. Pure sensory 
neuropathy is a feature of Friedreich ataxia, 
AVED, betalipoproteinaemia, SANDO, while no 
neuropathy is seen in ARCA1, ARCA2, SCA6, 
SCA8, and DPRLA [16]. Chronic denervation 
on EMG is a frequent finding in juvenile and 
adult onset hexosainidase A deficiency [17]. 
In mitochondrial disorders, the patients may 
have myopathic EMG findings with sensory 
neuropathy [18]. External sphincter EMG and 
autonomic function tests may be useful in the 
diagnosis of multiple systems atrophy [19]. and 
electroencephalogram (EEG) findings are useful 
in the diagnosis of sporadic and familial prion 
disease [20].

The present study reports on the neurophysiologic 
finding in eight Saudi patients, belonging to three 
Saudi families, who have genetically confirmed 
ATLD1. To the best of our knowledge, This study 
constitutes the largest cohort of ATLD1 patients 
worldwide who had electrophysiologic tests.

MATERIALS AND METHODS

Subjects

This study included eight patients; all were 
Saudi. The age of onset was below 13 years in 
all patients. All cases were referred from Pediatric 
Neurology Clinics of King Khalid University 
Hospital (KKUH), College of Medicine, 
Riyadh. The patients were evaluated using a 
comprehensive protocol which included clinical 
examination and relevant laboratory data. Salient 
information about each child was retrieved. This 
included gender, history of the disease and other 
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associated medical disorders, and physical signs. 
Consanguinity of parents and any family history 
of similar conditions, as well as laboratory data 
were filled for each patient. Pedigrees of affected 
families were drawn using the standard pedigree 
symbol.

MRI was performed for at least one patient per 
family. It was also done for cases of inherited 
peripheral neuropathy with associated cognitive 
involvement. These were reviewed by both 
neuroradiologists and a paediatric neurologist.

Genetic analysis

Peripheral blood samples were collected from 
each patient, their living parents, and most of 
their unaffected siblings. Informed consent was 
obtained from all participants. Genomic DNA 
was extracted from peripheral blood leukocytes 
using Qiagen DNA isolation kits. DNA was sent 
for genetic analysis to the Institute of Genetics 
and Molecular and Cellular Biology, University 
of Strasbourg, and College de France, Illkirch; and 
the Laboratory of Neurogenetics, Department of 
Genetics, Cytogenetics and Embryology, la Pitié-
Salpêtrière Hospital, Paris, France. Genome-wide 
linkage studies, microsatellite marker analysis, 
and mutational analysis were performed as 
described [1,21–25].

Neurophysiology tests

The neurophysiology tests were done at the 
Neurophysiology Laboratory, Division of Clinical 
Neurophysiology, Department of Neuroscience, 
Armed Forces Hospital, Riyadh. All children 
had at least one electrodiagnostic evaluation 
performed at the time of referral.

Nerve conduction studies (NCS) were performed 
using the Nicolet EMG-NCS machine. The 
records were obtained following a conventional 
protocol [26]. Surface electrodes and stimulators 
were used for NCS. Amplitudes of compound 
muscle action potential (CMAPs), distal latency 
(DL), and conduction velocity were recorded 
whenever possible from median, ulnar, peroneal, 
and tibial nerves using conventional methods. 
The CMAP amplitudes for each motor nerve were 
measured from the peak of the negative wave to 
the baseline, and for sensory nerves from peak-

to-peak. Temperature was controlled and was 
never less than 33°C. Median and ulnar CMAPs 
were recorded from the abductor pollicis brevis 
and the abductor digiti minimi, respectively, with 
stimulation at the wrist and elbow. The peroneal 
CMAP was recorded from the extensor digitorum 
brevis with stimulation at the ankle and knee. 
The tibial CMAPs were recorded from abductor 
hallucis with stimulation at the ankle and knee. 
DML, motor nerve conduction velocity potential 
(MNCV) and distal CMAPs amplitude were 
measured. In selective cases CMAPs and DML 
from the diaphragm muscle were recorded by 
using phrenic nerve stimulation in the neck [27]. 
Facial nerve CMAPs and DML were obtained by 
stimulation below and in front of the pinna of the 
ear and recorded from the nasalis muscle.

Median sensory nerve action potentials (SNAPs) 
were obtained orthodromically at the wrist, 
following stimulation of the second digit. The 
sural SNAP was recorded antidromically at the 
ankle following stimulation of the calf. SNAP 
amplitudes and DL were measured. The results 
were recorded and evaluated using normal values 
for our lab [28–30].

Statistical analysis

Stat Pac Gold Statistical Analysis Package was 
used for data management. Mean, median, and 
standard deviation were calculated. Kruskal–
Wallis test was used for comparing variables 
when the sample size was small. A probability 
value of <0.05 was considered to be significant.

RESULTS
Eight patients with ATLD1, belonging to three 
Saudi families, were clinically evaluated, 
investigated, and also had neurophysiologic 
testing. The first Saudi family (ALH Family, 
Figure 1) had four affected individuals consisting 
of two females and two male twins. The parents, 
who were first-degree cousins, lost two daughters 
who died at 40 days and one year of age, 
respectively, from unknown causes.  

The second family (ALG Family, Figure 2) had 
three affected females, two of whom (V.6 and 
V.8) were available for the study.  There was 
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Figure 1. Pedigree of ALH family. Standard pedigree symbols are used.

Figure 2. Pedigree of ALG family. Standard pedigree 
symbols are used.
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also history of a maternal cousin (V.1, Figure 
2) who was similarly affected. The third Saudi 
family (ALOT family, Figure 3) had three 
affected patients, two of whom (IV.2 and IV.4) 
were available for clinical and electrophysiologic 
testing.

The eight patients who were studied consisted 
of five females and three males. Their clinical 
features and investigations are summarized in 
Table 1. The mean age at assessment was 21.3 
years (median = 19.5 years, range = 9–39 years).  
The onset of ataxia was early in life at a mean 
age of 2.1 years (median = 1.3 years; range = 1–7 
years).  The disease was relentlessly progressive 
and two patients in one family (IV.2 and IV.3, 
ALH Family, Figure 1) lost ambulation, each at 
the age of 13 years.

On examination, all affected individuals had 
features of ataxia associated with oculomotor 
apraxia, but no telangiectasia.  Two parents 
belonging to one family (V.6 and V.8, ALG 
Family, Figure 2) were microcephalic and both 

had low IQs (72 and 78, respectively). No patient 
examined had recurrent pulmonary infections, 
lymphoid or other tumours, skin abnormalities, 
muscle weakness, or lost sensation for crude 
touch. The four oldest patients in the group, all 
of whom belonged to one family (ALH Family, 
Figure 1), had signs of basal ganglia involvement 
manifesting as facial dyskinesia (abnormal and 
involuntary facial movements), and masked face. 
Deep tendon reflexes were brisk at 9 and 13 years, 
respectively, in the two patients belonging to one 
family (V.6 and V.8, ALG Family, Figure 2). 
They were reduced in individuals of the other two 
families, who were relatively older (age range = 
13–39 years).

All investigated patients showed cerebellar 
atrophy on brain MRI (5/5) and had normal levels 
of alpha-fetoprotein (6/6), carcinoembryonic 
antigen (5/5), and immunoglobulins (6/6).  Also, 
all those investigated had normal levels of serum 
albumin (7/7) and cholesterol (5/5), including the 
patients of the ALH Family (Figure 1) who have 
had clinical symptoms of the disease for >20 years.  

Figure 3. Pedigree of ALOT family. Standard pedigree symbols are used.
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Table 1. Clinical, biochemical, and neuroimaging features of three families with ataxia 
telangiectasia-like disorder1.

Family (Country of 
origin)
(Figure)

ALH (Saudi Arabia)
(Figure 1)

ALG (Saudi 
Arabia)
(Figure 2)

ALOT (Saudi 
Arabia)
(Figure 3)

Patient (P) No.
Pedigree No. 

P1
IV.2

P2
V.3       

P3
IV.10

P4
IV.11

P5
V.6

P6
V.8

P7
IV.2

P8
IV.4

Sex F F M M F F M F

Age at assessment 
(years)

39 35 22 22 13 9 17 13

Onset (years) 2 2 1 1 1.3 1.3 7 1.3

Wheelchair bound 
(years)

13 13 - - - - - -

Ataxia + + + + + + + +

Microcephaly - - - - + 
(Less 
than 

-2SDa)

+ 
(Less 
than 

-2SDa)

- -

Facial dyskinesia + + + + - - - -

Masked face + + + + - - - -

Oculomotor apraxia + + + + + + + +

Telangiectasia - - - - - - - -

Muscle weakness - - - - - - - -

Tendon reflexes Reduced Reduced Reduced Reduced Brisk Brisk Reduced Reduced

Sensory impairment 
(crude touch)

- - - - - - - -

Recurrent pulmonary 
infection

- - - - - - - -

Translocations NA NA NA NA N 
karyo-
type

NA NA NA

Lymphoid tumours - - - - - - - -

Other tumours - - - - - - - -

Skin abnormalities - - - - - - - -

IQ NA NA NA NA 72 78 NA NA

Cerebellar atrophy 
(MRI)

+ NA NA NA + + + +

Alphafetoprotein NA NA N N N N N N

Carcinoembryonic 
antigen

NA NA N N NA N N N

Immunoglobulins NA NA N N N N N N

Cholesterol NA NA N N NA N N N

Albumin N NA N N N N N N
aSkull circumference; + = present; - = absent. 
F, female; IQ, intelligence quotient; M, male; MRI, magnetic resonance imaging; N, normal; NA, not ascertained; 
SD, standard deviation.  
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In all affected individuals of the three families, 
molecular genetic testing revealed homozygous 
missense mutation (630G®C, W210C) of the 
MRE 11 gene. 

Electrophysiology

NCS was tested in all patients. MCV, DML, 
and amplitudes of CMAPs were recorded from 
the median nerve in eight patients, peroneal 
in six patients, and tibial nerve in two patients, 
Recordings of SNAPs, whenever possible, were 
done from the median nerve in seven patients 
and sural nerve in eight patients. The result of 
electrophysiology is given in Table 2.

MCV of the median nerve was normal in all 
patients (mean: 60.87 ± 9.01 m/s). DML of the 
median nerve was normal in all of them (mean: 
3.02 ± 0.37 ms), while amplitude CMAPs of the 
median was also normal in all patients (mean: 
6.25 ± 1.78 mV). Peroneal nerve MCV was 
normal in five out of six patients (83%) [mean: 
53.48 ± 19.04 m/s], DML of peroneal was within 
normal range in all six tested patients (mean: 
4.26 ± 0.48 ms), while amplitude of CMAPs of 
peroneal was normal in 3/6 (50%) and reduced  in 
the rest of the patients (mean: 2.18 ± 1.61 mV). 
Tibial nerve was tested in two patients (P4 and 
P5) and was found to have  normal MCV in both 
patients (42 and 45 m/s), with normal DML (4.2 
and 3.8 ms) and normal amplitude of CMAPs (4.1 
and 11.3 mV).

The amplitude of SNAPs of the median nerve 
was normal in 2/7 patients (29%) while it was 
either not recordable or reduced in the rest of the 
tested patients (mean: 14.91 ± 12.25 μV), while 
the amplitude of SNAPs of the sural nerve was 
normal in 3/8 patients (38%), and in 5 patients it 
was either not recordable or reduced (mean: 22.4 
± 16.65 μV).

DISCUSSION
Eight patients with ataxia telangiectasia-like 
disorder1 (ATLD1), belonging to three Saudi 
families, were clinically evaluated, investigated, 
and also had electrophysiologic testing. On 
examination, they showed features of ataxia 
associated with oculomotor apraxia, but no 

telangiectasia [1,2]. All investigated patients 
revealed cerebellar atrophy on brain MRI [5/5] 
and had normal levels of alpha-fetoprotein 
(6/6) and immunoglobulins (6/6). Clinically, 
ATLD1 is very similar to ataxia telangiectasia.  
However, patients with ATLD1 show no 
telangiectasias, have no immunodeficiency, 
and serum alpha-fetoprotein concentrations are 
normal [3].

Electrophysiologic studies showed normal 
MCV of the median (8/8) and tibial (2/2) 
nerves in all patients, while 5/6 (83%) had 
normal peroneal nerve MCV. The DML for 
median, tibial, and peroneal nerves was within 
the normal range in all examined patients. 
The amplitude of CMAP of median and tibial 
nerves was also normal, while that of the 
peroneal nerve was normal in 3/6 (50%). Two 
of seven (29%) patients had reduced amplitude 
of median nerve SNAP while 3/8 (38%) had 
a reduction in the amplitude of sural nerve 
SNAP. These findings favor an axonal type of 
neuropathy predominately affecting the sensory 
fibers (axonal sensorimotor neuropathy) similar 
to what has been reported in the literature [8]. 
Bohlega et al. [8] described five patients with 
ATLD who belonged to two families. One of 
these (Family B) had normal tendon reflexes 
and normal NCSs, whereas vibration senses 
were decreased distally and tendon reflexes 
were absent in the other family (Family D).

The largest cohort of ATLD1 patients worldwide 
was identified in Saudi Arabia and included 10 
patients [1], but no electrophysiological study was 
done for this group. Eight of these patients were 
followed up in the present study, and constitute 
the largest cohort of ATLD1 patients worldwide 
who had electrophysiologic tests. 

Genetic studies showed that all Saudi patients 
with ATLD1 had the same missense mutation (a 
G-to-C change at nucleotide 630) in the MRE11 
gene. A heterozygous carriers’ frequency of 
0.4% was recorded in the Saudi population by 
Alsbeih et al. [7] who concluded that MRE11 
should be explored in all cases of AT-like 
phenotype in Saudi Arabia. This resulted in 
the diagnosis later of the 5 patients reported by 
Bohlega et al. [8].
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CONCLUSION
Electrophysiologic study findings showed an 
axonal type of neuropathy that mainly affects 
sensory fibers (axonal sensorimotor neuropathy). 
These findings are consistent with what has been 
reported in the literature. In the present study, 
electrophysiologic investigations were done 
for eight patients with ataxia telangiectasia-like 
disease1 (ATLD1); and this constitutes the largest 
cohort of ATLD1 patients worldwide who had 
electrophysiologic tests. 
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