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Ataxia-telangiectasia (A-T) is an autosomal recessive disorder caused by mutations in ATM,
encoding a serine-threonine protein kinase that is crucially involved in DNA repair mechanisms. Clinical features include cerebellar degeneration, telangiectasia, immunodeﬁciency, and
an increased risk of malignancies.1 The classic form of A-T is characterized by infantile, rapidly
progressing neurodegeneration and can be diﬀerentiated from variant A-T with a comparably
milder disease course.2,3 However, only a tiny fraction of patients ﬁrst present with symptoms in
adulthood.4 The broad phenotypic spectrum of A-T now becomes gradually disentangled
owing to the increased availability of comprehensive genetic testing.5
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Here, we point out possible diagnostic pitfalls with an example of an adult-onset A-T, in which
exome sequencing (ES) complemented by transcriptome analysis, complementary deoxyribonucleotide acid (cDNA) sequencing, and family genotyping eventually led to the definite genetic diagnosis A-T.

Clinical and genetic ﬁndings
Our female index patient (currently aged 45 years) ﬁrst developed gait instability at age 34
years. Furthermore, dizziness and aﬀective lability were reported. At this time, a neurologic
examination was unremarkable and did not reveal any signs of cerebellar dysfunction.
Symptoms were slowly progressive over the following 10 years, and she ﬁrst presented at our
department at age 43 years. Clinical examination revealed bilateral ataxia with wide-based gait,
downbeat nystagmus, mild dysarthria, and brisk reﬂexes. Brain MRI showed moderate to severe
bilateral cerebellar atrophy (ﬁgure, A). Electrooculography conﬁrmed a downbeat nystagmus,
saccadic pursuit, and slowed and hypometric saccades with absent vestibulo-ocular reﬂex
suppression indicating cerebellar dysfunction (pathologic eye movements are shown in
video 1). Dizziness was most pronounced during head-turning movements.
Given a positive family history with the patient’s elder sister even being more severely aﬀected
with ataxia (starting at age 28 years), a genetic etiology was suspected. Subsequently performed
ES revealed 1 pathogenic nonsense variant (c.6205C>T, p.Gln2069*) and 1 intronic variant
(c.1235+3A>G) of uncertain signiﬁcance (VUS) in ATM as classiﬁed by the American College
of Medical Genetics and Genomics criteria.6 The nonsense variant was absent from Genome
Aggregation Database and our in-house database comprising more than 16,500 exome data sets,
and the intronic variant, which is located in proximity to exon 9, was present twice in each
database.
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Figure Brain MRT and molecular characterization of the splice-site variant c.1235+3A>G

(A) Brain MRI. Sagittal T2-weighted MRI of the reported index patient demonstrating moderate to severe cerebellar atrophy (white arrow). (B) Gel electrophoresis of PCR-amplified ATM cDNA showing 2 distinct splice variants as a result of the mutation c.1235+3A>G. (C) Subsequent Sanger sequencing of
dissected bands further characterized the misspliced transcript with skipping of exon 9 (band II). (D) Photograph of the index patient’s right cheek showing
telangiectasia.

To further delineate the pathogenicity of the intronic variant,
we sought to investigate a potential splicing defect using
polyA-enriched RNA sequencing from whole blood using
PAXgene Blood RNA tubes (Qiagen, Hilden, Germany).7
With an mRNA length of 13,147 nucleotides and due to the
location of exon 9 toward the 59 end of the ATM transcript,
RNA sequencing coverage was insuﬃcient to evaluate
a splicing eﬀect. Subsequently, we speciﬁcally targeted the 59
end with a primer binding to exon 25 of ATM (39-GAATGGATTAGAACCTCACC-59) for reverse transcription. With
primers binding to exons 8 and 10 (sequences available upon
request), we could demonstrate skipping of exon 9 leading to
a frameshift and the premature termination of protein translation (p.Val356Alafs*17; ﬁgure, C and D).
The 2 variants segregated with the disease phenotype within
the family. Once a genetic diagnosis of A-T had been established, subtle but evident telangiectasia of the conjunctiva,
face (ﬁgure, B), and chest was clinically conﬁrmed by a dermatologist. Blood levels of alpha-fetoprotein were within the
normal range. There has been no evidence for malignancy or
immunodeﬁciency. Currently, the described index patient and
her aﬀected sister are still ambulatory despite gait ataxia with
a marked tendency to fall.

Discussion
Variant A-T represents a subgroup of A-T characterized by
a milder disease course compared with the classic form. Despite slower disease progression, the vast majority of patients
ﬁrst manifest in early childhood, and adult onset remains
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a rare phenomenon.4 It has been suggested that mainly the
mutation type predicts the clinical course with missense variants leading to a milder phenotype but an increased risk of
cancer.5
The patient reported here is aﬀected by an adult-onset mild
form of variant A-T despite carrying biallelic truncating variants.
At the time of the last follow-up visit, she was still ambulatory and
there was no evidence for malignant disease by age 45 years.
Such atypically mild clinical expressions may be misleading,
and it is not far to seek that single gene testing or narrowly
targeted gene panels might signiﬁcantly prolong the diagnostic odyssey. Nonetheless, our report highlights that even
comprehensive genomic approaches may not be suﬃcient to
establish a molecular diagnosis. In our case, ES paved the way
for subsequent rephenotyping (conﬁrming telangiectasia)
and a more detailed molecular workup (RNA and cDNA
sequencing) eventually corroborating disease causation.
We conclude that A-T should be taken into consideration as
diﬀerential diagnosis of adult-onset ataxia, even in the absence
of apparent systemic features. The here encountered diagnostic pitfalls support the necessity of a stepwise clinical and
molecular reconsideration of genetic testing.
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