Ataxia-telangiectasia

A new remitting form with a peculiar transcriptome signature
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Abstract
Objective

Ataxia-telangiectasia (AT) is a rare, severe, and ineluctably progressive multisystemic neuro-
degenerative disease. Variant AT phenotypes have been described in patients with mild- and
late-onset neurologic deterioration and atypical features (dystonia and myoclonus). We report
on the clinical characteristics and transcriptome profile of patients with a typical AT pre-
sentation and genotype who experienced an unexpected favorable course.

Methods

A 24-year-old woman developed, by the age of 3 years, all the classic symptoms of AT associated
with increased alpha-fetoprotein levels, a compound AT-mutated (ATM) genotype with an
inframe deletion c.2250G>A (p.Glu709 Lys750del42) and a missense mutation c.8122G>A
(p-Asp2708Gln), and no residual ATM protein expression. By the age of 12 years, ataxia slowly
disappeared, and a very mild choreic disorder was the only neurologic feature in adulthood.
Brain MRI was normal. The blood transcriptome profile was assessed and compared with that
of healthy controls and patients with the classic AT phenotype.

Results

The atypical clinical course of the patient was associated with a transitional transcriptome
profile: while 90% of transcripts were expressed as in patients with the classic AT presentation,
10% of transcripts were expressed as in healthy controls.

Conclusions

The unexpected mild clinical outcome and transcriptome profile of this patient with AT suggest
the existence of individual resilience to the altered ATM synthesis. Because of their possible
prognostic and therapeutic implications, the identification of modifier factors affecting the
phenotype would deserve further studies.
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Glossary

AFP = alpha-fetoprotein; AT = ataxia-telangiectasia; ATM = ataxia-telangiectasia mutated; IgA = immunoglobulin A.

Ataxia-telangiectasia (AT; OMIM#208900) is a rare genetic
disease caused by mutations in the AT-mutated (ATM) gene
encoding PI3kinase, which controls the cell cycle and DNA
repair.’ Patients with classic AT present with early-onset
progressive cerebellar ataxia, oculocutaneous telangiectasias,
immunodeficiency, late-onset peripheral neuropathy, and
higher incidence of infections and tumors. Patients usually use
a wheelchair by the age of 10 years. Exitus occurs by the
second or third decade of life because of chronic lung disease
or malignancies. Biomarkers of the disease are increased
alpha-fetoprotein (AFP) (95% of patients),” chromosomal
radiosensivity, and undetectable ATM protein (98% of
patients). Milder variants (late-onset, slowly progressive
ataxia/dyskinesia syndrome) have been associated not only
with missense ATM mutations and residual ATM kinase ac-
tivity” but also with the classic severe genotype and absent
ATM protein.*

Here, we report on a new clinical variant with an early pro-
gressive course, late remission, and stable neurologic status
until adulthood, despite the classic ATM genotype and absent
ATM protein. Accordingly, blood transcriptome in this case
showed a pattern of alteration intermediate between healthy
controls and severely affected patients.

Case report

A 24-year-old woman was born after a normal pregnancy and
delivery from healthy unrelated parents. Psychomotor de-
velopment was normal until the age of 16 months when trunk
swaying was noticed by the parents. On examination, she was
found to have mild trunk ataxia, external beating nystagmus, mild
conjunctival angioectasias, and subcutaneous angiomas in the
lumbar and calf regions. Brain MRI and sensory and motor nerve
conduction velocities were normal. Blood immunoglobulin A
(IgA) levels were marginally decreased (78 mg/100 mL; r.v.
85-450), whereas the AFP level was increased (37.5 ng/mL; r.v.
0-10). Chromosome analysis revealed a 7;14 rearrangement,
and the radiosensitivity test demonstrated increased chromo-
some instability. No residual ATM protein expression or activity
was found. Molecular analysis of the ATM gene disclosed
a compound heterozygous genotype with an inframe deletion
c2250G>A, p.(Glu709 Lys750del42) and a missense mutation
c.8122G>A, p.(Asp2708Gln).

In the following years, trunk ataxia worsened and other neu-
rologic features, such as motor impersistence and chorea of
the trunk and limbs, slurred speech, and hypometric saccades,
emerged. Nevertheless, the ability to walk autonomously was
preserved, and she could attend a normal school and conduct
a normal life. Mental development was normal: at the age of 7
years, the Wechsler Intelligence Scale for Children-Revised
IQ score was 92. Starting from the age of 12 years, trunk ataxia
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progressively disappeared. On examination, at the age of 24
years, she presented with only mild clumsiness associated with
nondisabling choreic movements of the limbs (video, links.
Iww.com/NXG/A47). The International Cooperative Ataxia
Rating Scale score was 2 (normal 0). Brain MRI was normal.
She maintained normal mental functioning (Wechsler Adult
Intelligence Scale IQ_score 110, Verbal IQ score 104, and
performance IQ score 79) with adequate personal and social
skills. She never had pulmonary infections; MRI of the lung
performed at the age of 21 years was normal. Her menses were
irregular, and she had polycystic ovarian syndrome. She un-
derwent surgical removal of ameloblastoma of the mandible.
Recently, ultrasonography has revealed a fatty liver disease in
the absence of dyslipidemia or abnormal liver enzymes. At the
age of 22 and 24 years, the AFP level was 115 and 190 ng/mL,
respectively; the serum IgA level was normal.

Transcriptome analysis: the study of a whole gene expression
signature (appendix e-1, links.Iww.com/NXG/A46) showed
that 1,326 probes were differentially expressed (upregulated
and downregulated, table e-1, links.lww.com/NXG/A43) in §
patients with classic AT compared with healthy controls.’
Using these probes in hierarchical clustering computation
(figure 1), our case resulted as a nonclustered sample: 90% of
probes were expressed as in patients with classic AT (cutoff
1.2 FC), whereas 10% of them were expressed as in healthy
controls. Of 654 gene symbols derived from the differently
expressed probes, 43 gene transcripts had an expression level
similar to the healthy controls (table e-2, links.lww.com/
NXG/A44). Two of them, such as ZCRB1 (a zinc finger RNA
binding protein) and THOCS3 (a protein involved in splicing)
showed a biological and molecular functional interaction
when analyzed by Reactome FI [1] (plugin for Cytoscape).®

Patient consent

The patient provided informed consent for participating in
the research and publishing the resulting data. She also pro-
vided consent to disclose of any recognizable person in the
video.

Discussion

We describe an unusual AT phenotype, characterized by
a clinical presentation mimicking the classic severe form with
the typical biomarkers of this condition, such as absent ATM
protein,7 14 chromosome rearrangement, and increasing
levels of AFP, with an unexpected favorable course of neu-
rologic disorders during teenage years.

The ATM protein level and residual kinase activity seem to
influence the severity of the clinical phenotype in patients
with AT. Variant AT has been documented in patients
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Figure 1 Hierarchical clustering (HCL) outcome of all tested samples with the expression profile of the case report set as
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presenting with a mild neurologic phenotype, often normal
brain MR, and less frequent extraneurologic involvement. In
these cases, regulatory, missense, or leaky splicing ATM
mutations and a residual ATM activity were detected.* The
genotype of our patient is characterized by an inframe de-
letion and a missense mutation without residual ATM activity.
Accordingly, a classic presentation and outcome should have
been expected. Recent reports showed that absent ATM ac-
tivity and high AFP may be associated with a late-onset or
atypical neurologic presentation (table e-3, links.Iww.com/
NXG/A4S). Of interest, 3 patients belonging to the Canadian

Neurology.org/NG

Mennonites with late dystonia/myoclonus-dystonia syn-
drome associated with 6200C>A mutation had transient
ataxia in early childhood. The same genotype has been
reported in a patient with early-onset myoclonus-dystonia,
high blood AFP, and progressive cerebellar atrophy.*

In contrast to these cases, our patient experienced the classic
presentation and course of the disease until the end of the first
decade of life when progressively ataxia vanished, leaving a mild
and stable choreic disorder. Nevertheless, AFP and some sys-
temic manifestations of AT (such as ovarian polycystic
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syndrome, liver steatosis, and neoplasm) occurred. The as-
sumption that the AFP level may mirror the progression of the
disease remains debated.® In our patient, the AFP level in-
creased, despite the improvement in neurologic disorder.

The atypical favorable outcome reported in our patient sug-
gests the possible effect of epigenetic modifying factors, which
may confer resilience to the disease in some subjects. One
modifying factor of the effect of ATM loss has been identified
in the RadS0° allele of the gene encoding the RadSO com-
ponent of the Mrell1/Rad50/Nbsl complex. In the murine
model, Rad50° has a role in alleviating senescence, radiosen-
sitivity, and tumor formation, all hallmarks of ATM-deficient
mice.” Moreover, recent data suggested a pivotal role of the
Rad50 hook domain in influencing the Mrell complex-
dependent DNA damage response. In our patient, peripheral
RadS0 expression overlaps that detected in patients with AT
with a typical phenotype. A further hypothesis concerns the
variability in the maintaining of the cellular balance of reactive
oxygen species, which cause, among the others, defects in
hematopoietic stem cells'® and neurodegeneration.

In a recent article, we identified the transcriptome profile of
patients with AT with respect to healthy controls.” The
present case exhibited transitional probe expression from that
found in patients with classic AT and healthy controls.
However interesting, this result requires caution because only
known probes were screened while we were unable to de-
termine whether unknown and unpredicted contributing
events, such as splicing pattern alteration, could take place. In
any case, the observed gene expression variation was part of
the final outcome of the patient’s biological individuality.

The 2 most important genes expressed were scrbl and thoc3,
which are involved in wound reparation and genome stability,
respectively. Thoc3 is part of the THO complex, which plays
a role in transcriptional elongations, nuclear RNA export, and
genome stability.

The finding of a transitional transcriptome profile suggests the
occurrence of modifying factors possibly influencing individual
vulnerability and resilience to the altered ATM synthesis
resulting in an unexpected mild outcome.
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