
Novel Insights from Clinical Practice

Mol Syndromol 2022;13:80–84

A Novel ATM Gene Mutation Affecting 
Splicing in an Ataxia-Telangiectasia 
Patient

Esra Arslan Ateş 

a    Ayberk Türkyılmaz 

b    Sevgi Bilgiç Eltan 

c    Safa Barış 

c     

Ahmet Ilter Güney 

d

aDepartment of Medical Genetics, Marmara University Pendik Training and Research Hospital, Istanbul, Turkey; 
bDepartment of Medical Genetics, Karadeniz Technical University Faculty of Medicine, Trabzon, Turkey; 
cDepartment of Pediatric Allergy and Immunology, Marmara University School of Medicine, Istanbul, Turkey; 
dDepartment of Medical Genetics, Marmara University School of Medicine, Istanbul, Turkey

Received: November 3, 2020
Accepted: July 21, 2021
Published online: October 15, 2021

Correspondence to: 
Esra  Arslan Ateş, esraarslan.md @ gmail.com

© 2021 S. Karger AG, Baselkarger@karger.com
www.karger.com/msy

Established Facts

• Ataxia-telangiectasia (AT) is an autosomal recessive disorder characterized by progressive ataxia, cho-
reoathetosis and immunodeficiency beginning in early childhood.

• The estimated prevalence of the disease ranges from 1/40,000 to 1/300,000 people worldwide, depend-
ing on the geographic or ethnic region evaluated.

• AT is caused by biallelic mutations in the ataxia telangiectasia mutated (ATM) gene in chromosome 
11q22.3.

Novel Insights

• A novel homozygous c.7308–15A>G mutation was detected in the intron - 49 of the ATM gene.
• We report a novel mutation in a classical AT case, which was showed causing an alternatively spliced 

transcript and predicted to form a truncated protein or null protein due to nonsense-mediated decay.

DOI: 10.1159/000518629
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Abstract
Ataxia-telangiectasia (AT) is an autosomal recessive disorder 
characterized by progressive ataxia, choreoathetosis and im-
munodeficiency beginning in early childhood. An 8-year-old 

girl was referred with a diagnosis of AT. She had gait distur-
bance and dysarthria for 3years. Multiple cutaneous telangi-
ectases were observed on her face, trunk and limbs. Se-
quence analysis of the ATM gene revealed a homozygous 
c.7308–15A>G mutation in IVS49. Human Splicing Finder 
predicted that the mutation could activate an intronic cryp-
tic acceptor site. We designed primers for amplification of 
related exons (48–50) from cDNA for evaluating splicing pat-
tern. Sequencing of ATM exons 48–50 revealed a 14-nucleo-
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tide insertion from intron 49, between exons 49 and 50, re-
sulting in premature termination of translation at codon 
2439. To conclude, we report a novel mutation in a classical 
AT case, which resulted in an alternatively spliced transcript 
and was predicted to form a truncated protein or null protein 
due to nonsense-mediated decay. © 2021 S. Karger AG, Basel

Introduction

Ataxia-telangiectasia (AT; MIM #208900) is a rare au-
tosomal recessive neurodegenerative disorder character-
ized by cerebellar ataxia due to progressive cerebellar de-
generation [Anheim et al., 2012]. The other clinical fea-
tures of AT are telangiectasias, immunodeficiency, 
sensitivity to ionizing radiation, recurrent sinopulmo-
nary infections, premature aging, poor growth, delayed 
puberty, diabetes, and increased risk of malignancy, no-
tably of lymphoid origin [Nissenkorn et al., 2016]. Elevat-
ed alpha-fetoprotein levels and chromosomal instability 
are the characteristic laboratory findings of AT cases. The 
estimated prevalence of the disease ranges from 1 in 
40,000 to 1 in 300,000 people worldwide, depending on 
the geographic or ethnic region evaluated [Renvick et al., 
2006; Verhagen et al., 2012].

Different forms of AT have been described in the litera-
ture, with those more severe variably categorized as “clas-
sic”, “typical”, “early onset” or “childhood onset” AT, while 
milder forms have been referred to as “variant”, “atypical”, 
“late onset” or “adult onset” AT [Rothblum-Oviatt et al., 
2016]. The classical AT patient phenotype shows progres-
sive cerebellar ataxia, oculomotor apraxia, altered eye 
movements, cognitive dysfunction, oculocutaneous telan-
giectasia, dystonia, choreoathetosis, immunodeficiency, 
and recurrent sinopulmonary infections in early childhood 
[Ruiz-Botero and Rodríguez-Guerrero, 2017].

AT is caused by biallelic mutations in the ataxia telan-
giectasia mutated (ATM) gene in chromosome 11q22.3. 
Monoalelic ATM mutations are responsible for cancer 
predisposition syndrome including gastric and breast 
cancer, lymphoma, and other cancer types. The gene con-
tains 64 exons and encodes a protein with 3,050 amino 
acid residues. The ATM protein belongs to the phospha-
tidylinositol kinase family, which responds to DNA dam-
age by phosphorylating key substrates involved in DNA 
repair and/or cell cycle control [Huh et al., 2013]. Trun-
cating variants are the most common variants in the ATM 
gene, but mutational hotspots have not been identified 
[Telatar et al., 1998].

Case Report

The proband, an 8-year-old Syrian girl was referred for further 
evaluation of recurrent upper respiratory tract infections. She was 
born from a first-cousin consanguineous marriage, by vaginal deliv-
ery at normal gestational age. Her birth weight and length were not-
ed as at the 10th and below the 3rd percentile, respectively. She ex-
perienced 10–12 episodes of upper respiratory tract infections an-
nually including otitis media and pharyngitis. She had ataxia and 
dysarthria since 5 years of age and chronic dermatitis on her face 
since 3 years of age. Her physical examination showed ataxia, abnor-
mal gait, telangiectasia of the eyes, and erythematous rash on the 
nose and ear. Her weight and height were below the 3rd percentile. 
She had bilateral crackles in chest auscultation. Laboratory investi-
gations revealed a low lymphocyte count in complete blood count. 
Her serum α-feto-protein level was high. Serum immunoglobulin 
analysis showed low IgM, low IgG, and very low IgA levels. Flow 
cytometry analysis demonstrated that absolute counts of CD3 and 
CD19 were low and showed a severe combined immune deficiency 
phenotype (Table  1). Lung CT revealed bilateral bronchiectasis. 
Brain MRI showed nonspecific mild atrophic changes within the 
cerebellar hemispheres. She was commenced on regular intravenous 
immunoglobulin replacement therapy and prophylactic antibiotic 
(trimethoprim sulfamethoxazole). Infections have been controlled; 
however, the neurological findings still progressed. She was diag-
nosed as AT and ATM gene mutations were to be investigated.

With a diagnosis of AT, all coding exons and exon-intron 
boundaries of ATM (NM_000051) were sequenced via next-gener-
ation sequencing after DNA extraction from peripheral blood lym-
phocytes. A homozygous c.7308–15A>G mutation was detected in 
intron 49 (Fig. 1). Mutation was not present in population studies 
and in-house database. Insilico analysis using Human Splicing 
Finder of the mutation revealed that the mutation could activate an 
intronic cryptic acceptor site [Desmet et al., 2009]. To evaluate 
splicing pattern, mRNA was isolated and via revers transcription 
cDNA obtained from peripheral blood lymphocytes. ATM exons 
49–50 were amplified using primers that were designed to bind to 
exons 48 (forward) and 50 (reverse). Sanger sequencing of cDNA 
revealed a 14-nucleotide insertion from intron 49, between exons 
49 and 50, resulting in premature termination of translation at co-
don 2439 (Fig. 2). The patient’s healthy parents were heterozygous 
for the mutation. They were informed about cancer predisposition 
and consultated to the oncology clinic for follow-up care.

Discussion

AT is an autosomal recessive disorder with multisys-
tem involvement. In classical form, neurological deficits 
starts in the early years of life, and children become wheel-
chair dependent around the age of 10. Immunodeficiency 
is seen in two-thirds and pulmonary disease is relatively 
common in classical AT than in the mild form of AT 
which presents with milder neurological findings and in-
voluntary movements appearing before ataxia [Roth-
blum-Oviatt et al., 2016]. Our patient’s presentation was 
compatible with the classical form of AT with more se-
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Table 1. Immunological evaluation of the patient

Parameters Patient Reference values

Absolute lymphocyte/mm3 1,200 2,600–10,400
Immunoglobulins, mg/dL
IgG 601 764–2,134
IgM 22 69–387
IgA 6.6 78–383
IgE, IU/L 9.8 2–97
Immunophenotyping
CD3+ cells %, (n) 54 (648) 55–88 (1,213–4,128)
CD3+CD4+ %, (n) 26 (312) 24–50 (647–1,111)
CD3+CD8+ %, (n) 19 (228) 17.5–42 (379–2083)
CD4+/CD8+ ratio 1.3 1.3–3.9
CD3+CD4+CD45RA+, % 1 41–81
CD3+CD4+CD45RO+, % 99 26–58
CD3+CD8+CD45RA+, % 24 39–93
CD3+CD8+CD45RO+, % 77 11–79
CD19+ cells %, (n) 5.4 (64) 7.4–22 (197–867)
Naïve CD19+CD27–IgD+, % 51 5.5–90
Memory unswitched CD19+CD27+IgD+, % 27 5.9–28
Memory switched CD19+CD27–IgD–, % 11 6.7–31
CD16+/CD56+ cells, % 33 4–29

Fig. 1. Homozygous c.7308–15A>G mutation in the ATM (NM_000051) gene.
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vere symptoms starting in the first decade. The girl had 
gait ataxia and recurrent sinopulmonary infections at the 
age 8. It is known that AT patients are at risk of malig-
nacy especially lymphoid malignancies at younger ages in 
classical AT [Rothblum-Oviatt et al., 2016]. However, 
there was no evidence for malignancy at the age of 8.

Bialellic ATM gene mutations are responsible for AT 
cases. However monoalleic mutations cause distinct types 
of cancer susceptibility such as breast cancer [Milne, 
2009]. Therefore, molecular genetic diagnosis is impor-
tant for preimplantation, prenatal genetic diagnosis and 
also prediction of hereditary cancer predisposition for 
patients, parents, and other family members.

Splicing substitions constitute a significant proportion 
with a frequency of 18% in all mutations in the ATM gene 
[Teraoka et al., 1999]. Most common splice site muta-
tions form new exon/intron boundaries or activate new 
cryptic exons as a result of alterations at donor or accep-
tor sites [Lewandowska et al., 2013]. In our case, a novel 
intronic mutation resulting in missplicing of mRNA was 
detected. The mutation was detected 15 nucleotide from 
exon activating a cryptic acceptor splice site in IVS49. 
Analysis of cDNA revealed a 14-nucleotide insertion 
from intron 49, between exons 49 and 50, resulting in stop 
codon at codon 2439, which was predicted to lead to a 
truncated ATM protein or no detectable ATM protein as 
a result of nonsense-mediated decay. However, we were 
not able to reveal these hypothesis at protein level in the 
cells.

To conclude we report a novel mutation in a classical 
AT case, which was showed to cause an alternatively 
spliced transcript and predicted to form a truncated pro-
tein or null protein due to nonsense-mediated decay.
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Fig. 2. Sanger sequencing of the ATM gene exons 49–50.
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