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Ataxia-Telangiectasia Mutated Gene
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ABSTRACT: Background: Ataxia-telangiectasia (A-T) is a progressive multisystemic neurodegenerative disease.
The phenotypic spectrum includes conditions (variant A-T) with mild, late-onset, and atypical clinical
presentations characterized by the prevalence of dyskinetic rather than ataxic features.

Cases: We describe the clinical presentations of 3 siblings with early-onset truncal ataxia without obvious
neurological deterioration or biological markers of classic A-T phenotype. We performed functional and genetic
evaluation of 3 siblings with very mild neurological phenotype. Genetic evaluation with a next-generation
sequencing panel for genes causative of cerebellar ataxia detected 2 known ATM gene variants, missense
€.9023G>A p.(Arg3008His), and leaky splicing c.1066-6T>G variants. Functional studies showed mildly reduced ATM
expression and residual kinase activity in the probands compared with healthy controls.

Conclusions: These results suggest the importance of investigating ATM variants even in the presence of clinical and
biological atypical cases to ensure specific therapeutic regimens and oncological surveillance in these patients.

Ataxia-telangiectasia (A-T) is a rare autosomal recessive neurode-
generative disorder. Classic A-T forms are characterized by
early-onset progressive cerebellar ataxia resulting in the loss of

autonomous walking by the age of 10, oculomotor apraxia,

to undetectable ATM expression and consequent loss of kinase activ-

ity. In variant A-T, splice site or missense ATM variants are com-

monly associated with residual ATM expression and kinase activity.>
Here, we report 3 brothers with early-onset nonprogressive truncal

oculocutaneous telangiectasia, cancer susceptibility, and immuno- ataxia without any other key diagnostic features of A-T. Their ATM

deficiency. Exitus occurs by the second or third decade of life due genotype  included compound  heterozygosity for  missense

to chronic lung disease or malignancies. Increased alpha-fetoprotein .9023G>A p.(Arg3008His) and splicing ¢.1066-6T>G variants.

(AFP), immunodeficiency, and radiosensitivity are typical bio-
markers. In the past 20 years, expanded A-T phenotypes (variant
A-T) have been identified, which are characterized by late-onset,

mild, or absent cerebellar involvement, prevalent dyskinetic move-

Case Series
Case 1 (Proband 1)

This 16-year-old boy was born after a normal pregnancy and

ment disorders, and mild/absent systemic features.'

A-T is caused by biallelic variants in the A-T mutated (ATM)
gene, encoding for a Phosphatidyl Inositol 3-kinase-related serine/
threonine protein kinase involved in DNA damage response (DDR).

In classic A-T, ATM nonsense or frameshift truncating variants lead delivery from healthy unrelated parents. At the age of 24 months,
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Video 1. Normal gait with normal speed; dystonic posturing of
the upper limbs.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13618

trunk swaying was noticed. Slight cerebellar ataxia was diagnosed
at the age of 9 years and brain magnetic resonance imaging
(MRI) examination disclosed cerebellar shrinking. On examina-
tion at the age of 14, he was an intelligent boy with a very slight
trunk ataxia that was prevalent during static rather than dynamic
posture, unsteady tandem gait, inconstant dystonic posturing of
the upper limbs, very mild intentional tremor and dysmetria, and
hyporeflexia of the lower limbs (Videos 1 and 2); neurophysio-
logical assessment excluded axonal peripheral neuropathy. Eye
movements were preserved with externally beating nystagmus in
extreme eccentric eye positions. No variation was detected on
brain MRI.

Case 2 (Proband 2)

The 14-year-old brother of proband 1 (P1) was born after a nor-
mal pregnancy and delivery. At the age of 24 months, trunk
swaying was noticed. At the age of 7, he was described as slightly
ataxic. Brain MRI disclosed cerebellar shrinking. Cognitive
development was normal. On examination at the age of 11, he
exhibited, similar to his older brother, slight truncal ataxia, dys-
tonic posturing of the upper limbs, slurred speech, and lower
limb hyporeflexia (Videos 3 and 4). Axonal peripheral neuropa-
thy was ruled out. Ocular motility was unaffected. At the age of
12, brain neuroimaging was unchanged.

Case 3 (Proband 3)

The youngest brother, aged 8 years, was born after a normal
pregnancy and delivery. Psychomotor and neurological develop-
ment had always been considered normal by the parents. He was

examined at the age of 8 during a control of his two older

Video 2. Sitting position with slight oscillation of the trunk.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13618
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Video 3. Normal gait with normal speed; dystonic posturing of
the upper limbs.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13618

brothers. He showed very mild choreic movements of the upper
limbs, clumsiness, and unsteady tandem gait.

Diagnostic workup of the 3 brothers showed normal AFP and
immunoglobulin levels; no clinical progression was evident.

Genetic Results

The next-generation sequencing panel for ataxias and subsequent
filtering detected 2 known variants in the ATM gene: a mater-
nally derived splicing site variant, c¢.1066-6T>G (15201686625),
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The protein 53- p53-MCL test

(Fig. 1C), which identifies the presence of defective ATM protein

iscussion

68.5%, F = 74%).

«

Video content can be viewed at https://onlinelibrary.wiley.com/

Video 4. Sitting position with slight oscillation of the trunk.
doi/10.1002/mdc3.13618
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and a paternally derived missense variant, c.9023G>A p.

(Arg3008His) (rs587781894). Segregation analysis demonstrated
that the 3 affected siblings were compound heterozygotes

(Table 1).

clearly detectable levels of full-length ATM proteins were
observed in the probands and their parents (Fig. 1A,B). Partial
kinase activity was also detected upon y-irradiation of PBMCs, as
P2 = 63%, P3 = 58%) compared with the controls (HD = 82%,
We report 3 brothers affected by variant A-T presenting with
early-onset truncal ataxia without neurological deterioration.
Other characteristic features of the disease, such as oculomotor
apraxia, telangiectasia, and immunodeficiency, were absent.
Truncal ataxia is the most frequent presenting symptom in classi-
cal A-T, usually at approximately 9 months of age as observed in

showed only a partial reduction in the 3 siblings (P1 = 64%,

the presymptomatic siblings of the affected patients.

shown by ATM®>™'*!' autophosphorylation and activation of
through impaired p53 localization at centrosomes in mitosis,

proband 3 [P3]), their parents (mother [M] and father [F]), and 1
healthy control (HD). Compared with the HD, reduced but

isolated and reactivated peripheral blood mononuclear cells
(PBMCs) from the probands (proband 1 [P1], proband 2 [P2], and

ATM protein expression and activity were evaluated on freshly

Functional Studies

downstream DDR  targets.

D
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FIG. 1. Residual ATM expression and kinase activity are maintained in patients affected by variant ataxia-telangiectasia. (A, B) WBs of
peripheral blood mononuclear cell (PBMC) lysates from the indicated donors before (—) and after 2.5 hours (+) irradiation (A) or at the
indicated timepoints after 2 Gy irradiation (B). GAPDH was used as loading control. (C) Representative images (100x) of mitotic PBMCs
with or without localization of p53 (red) at centrosomes (green). Scale bar = 5 um. F, father; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase; HD, healthy control; M, mother; P1, proband 1; P2, proband 2; P3, proband 3.

emergence in the following months of typical signs of cerebellar
impairment confirms the nature of this sign as ataxic. However,
similar trunk oscillations may reflect the motor impersistence that
characterizes chorea and therefore a possible anticipatory symp-
tom of a dystonic-dyskinetic presentation of the disease. Lacking
any other sign of progression either toward cerebellar ataxia or
toward a dyskinetic form, the term truncal ataxia in these subjects
has a description rather than an anatomical localization value.
The clinical spectrum of A-T includes many different pheno-
types, including mild forms, late presentations, and predominantly

dyskinetic presentations (Table S1). In some cases, typical A-T

markers, such as AFP and immunoglobulin defects, are absent. In
other cases, there is a similarly mild phenotype even though all
A-T cellular biomarkers are present (ie, radiosensitivity, chromo-
somal rearrangements, undetectable ATM protein, and kinase
activity) (Table S1). In a girl with an apparent classic presentation
associated with typical A-T biological markers, a remitting form
was described.” These aspects highlight the occurrence of other
moditying factors that may influence clinical outcome.

It has been proposed that mild clinical impairment is related
to residual protein expression and kinase activity associated with

. . . . 2 .
missense and splice-site  ATM variants.” Accordingly, the
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MILD A-T PHENOTYPE WITH ATM ACTIVITY RETENTION

genotype of the 3 siblings disclosed the missense ATM variant
c.9023G>A p.(Arg3008His) and the leaky splicing variant
¢.1066-6T>G, which leaves residual full-length ATM RNA.°
Moreover, the biochemical and functional assays we performed on
their PBMCs showed that the ATM protein maintains residual
expression and kinase activity on both DDR and p53-MCL. This
genotype was previously described in a 45-year-old man with var-
iant A-T.? Based on their classificatory algorithm, the authors
assigned this patient to the A-T neurological phenotype group A
(e, cerebellar ataxia and/or peripheral neuropathy with minimal
or no extrapyramidal involvement) and genetic group 1 (ie, some
normal ATM protein, with residual kinase activity present, attrib-
uted to a leaky splice site mutation).”> High ATM protein levels in
the patient’s lymphoblastoid cells and low AFP levels were consis-
tent with the less severe presentation in this patient.” These aspects
correlate with the genotype—phenotype observed in our patients,
supporting the idea that milder neurological symptoms reflect
retained ATM expression and kinase activity.

The association of ¢.9023G>A p.(Arg3008His) with a different
variant (c.2304_2305insTT p.Glu769Leufs*9) was reported in a
35-year-old woman with cervical and ovarian carcinomas and sen-
sorimotor axonal polyneuropathy.” She complained of walking
and learning difficulties from the age of 9 and became wheelchair
bound at the age of 23. Blood examination detected low immu-
noglobulin A and immunoglobulin G and high AFP levels. Brain
MRI revealed cerebellar atrophy. A-T diagnosis followed that of
cancer, highlighting the potential risk of missed or delayed diagno-
sis in patients with variant A-T. Moreover, these findings suggest
that oncogenesis and neurological impairment in A-T are probably
the result of different pathogenic mechanisms.

Although both ¢.9023G>A p.(Arg3008His) and ¢.1066-6T>G
variants have been described in A-T and cancer patients,”*'" the
pathogenicity of ¢.1066-6T>G is still debated (Table 1). This vari-
ant is relatively common in the general population'™'? and has
leaky splicing activity,”'” and bioinformatics tools predict it is not
likely to severely affect the splice acceptor site.'” Doubts regarding
¢.1066-6T>G pathogenicity have also been raised by the observa-
tion that A-T patients originally reported as biallelic ¢.1066-6T>G
homozygotes carried an additional ATM truncating mutation'” or
the splicing c.967A>G p.(Ile323Val) variant.'> However, our
study and other clinical reports support the pathogenicity of this
ATM variant. In particular, Schréder and colleagues described a
27-year-old woman with ocular motor apraxia since the age of
4 months, early-onset ataxia without deterioration, no telangiecta-
sia or immunological alterations, and normal brain MRI at the age
of 19. She was compound heterozygous for the c.1066-6T>G
variant and the silent ¢.2250G>A p.(Lys750=) variant affecting
splicing.® ATM protein expression and kinase activity in
lymphoblastoid cells were reduced to approximately 10% to 30%.
Compound heterozygosity for the c.1066-6T>G and missense
¢.9022C>T p.(Arg3008Cys) variants (the same codon of our vari-
ant but a different residue, see next paragraph) was detected in 3
subjects. A 48-year-old patient with multiple myeloma showed a
mild A-T phenotype and retained ATM kinase activity ascribed to
the ¢.1066-6T>G variant."* The same genotype was detected in
2 sisters. The older 24-year-old sister presented with progressive

128 MOVEMENT DISORDERS CLINICAL PRACTICE 2023; 10(1): 124-129. doi: 10.1002/mdc3.13618

ataxia and choreoathetosis of the arms and neck. Her 20-year-old
sister suffered from focal dystonia with retained autonomous walk-
ing. She showed ocular telangiectasia, whereas no immunodefi-
ciency was detected and the AFP value was normal.'® Despite the
lack of definite data, they overall suggest a pathogenic tendency of
the ¢.1066-6T>G variant. However, to avoid the potential contri-
bution of concomitant polymorphisms and/or classically consid-
ered benign variants, such as those found in our family (Table 1),
more genetically controlled assays, such as the generation of
variant-specific cells by genome editing, are mandatory.

Less concerns are linked to the c.9023G>A p.(Arg3008His)
variant, classified as likely pathogenic based on (1) its presence in
patients with A-T or cancer®?; (2) its presence in a hotspot
where 2 additional missense variants, ¢.9022C>T p.
(Arg3008Cys) and ¢.9023G>T p.(Arg3008Leu), have been
found'*'®; and (3) the generation of a mouse model with
impaired kinase activity and tumor susceptibility.'”

In conclusion, our data confirm that A-T can be underdiagnosed
in patients with a mild phenotype and without typical biological
markers. Thus, A-T diagnosis should be considered in all patients
with movement disorders. Early diagnosis is critical for malignancy
surveillance and treatment because radiotherapy and some chemo-
therapy approaches can cause secondary complications. From a bio-
chemical point of view, functional analyses are needed to better
understand variant consequences on ATM in borderline cases, thus
clarifying variant contribution to A-T and tumor development.
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Supporting Information

Supporting information may be found in the online version of
this article.

Appendix S1. Material and methods.

Table S1. List of atypical A-T cases reported in the literature.
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