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Abstract

Pathogenic and likely pathogenic variants in the ATM gene
are associated both with Ataxia-telangiectasia disease or
ATM syndrome and an increased cancer risk for heterozy-
gous carriers. We identified a novel compound heterozy-
gous mutation ¢.3955_3958dup (p.Asp1320delinsValTer)
and c.5825C>T (p.Ala1942Val) in the ATM genein a Peruvian
patient with progressive ataxia combined with other move-
ment disorders, mild conjunctival telangiectasia and in-
creased alpha-fetoprotein, without history of recurrent in-
fection or immunodeficiency. We also determined the car-
rier status of the family members, and we were able to
detect gastric and breast cancer at an early stage during the
cancer risk assessment in the mother (c.3955_3958dup).
Here, we describe clinical evidence for the novel compound
heterozygous mutation and ¢.3955_3958dup not previous-

Introduction

Ataxia-telangiectasia (A-T; OMIM 208900) or ATM
syndrome is a rare autosomal recessive disease (homozy-
gous or compound heterozygous) characterized by ataxia
combined with a variety of movement disorders, immu-
nodeficiency, increased levels of alpha-fetoprotein (AFP)
and cancer predisposition. This rare disease is associated
with pathogenic variants within the ATM gene [Roth-
blum-Oviatt et al., 2016]. Heterozygous ATM carriers
have a higher risk for cancer and must have appropriate
genetic counseling [van Os et al., 2016].

The ATM gene (OMIM 607585), located in chromo-
some 11q22.3, encodes the serine-threonine kinase
protein responsible for cell cycle checkpoint control,
apoptosis, DNA damage response, oxidative stress, and
mitochondrial metabolism [Verhagen et al., 2012].
Nowadays, approximately 1,184 variants of known
pathogenicity in the ATM gene have been reported in
ClinVar. Regarding genotype-phenotype correlations,
biallelic truncating mutations are associated with a clas-
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Fig. 1. Segregation of ATM gene variants in 12y
a Peruvian family. The proband (arrow)
and individual II-1 presented ataxia. The
mother (I-2) developed gastric and breast
cancer. The heterozygous carrier sisters
(II-3 and II-5) were clinically healthy. Indi-
viduals I-1, II-1, and II-2 were not tested.
The ages in this pedigree correspond to the
first consultation of the proband.
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sense mutations with a milder phenotype [Schon et al,,
2019; van Os et al., 2019].

In Peru, there is still limited access to molecular diag-
nosis for most the genetic disorders including A-T. To the
best of our knowledge, there are only clinical reports of
A-T based on clinical criteria [Lazo Rivera et al., 2014;
Garcia Gomero et al., 2018].

Here, we describe a Peruvian girl with A-T and a nov-
el compound heterozygous mutation in the ATM gene
(c.3955_3958dup and ¢.5825C>T). Her mother, an obli-
gate carrier, developed 2 different types of cancer.

Materials and Methods

Genetic Testing

DNA was obtained from peripheral blood (proband) and saliva
(individuals I-2, II-3, and II-5, shown in Fig. 1). For the proband,
clinical sequencing analysis and deletion/duplication testing was
performed using Invitae Multi-Cancer Panel of 83 genes. Sanger
sequencing was performed for confirmation of clinically relevant
variants. For the mother’s and sister’s samples, analysis of the ATM
gene looking for sequence changes and exonic deletions/duplica-
tions was performed by Sanger sequencing.

Analysis and Interpretation of Genetic Variants

Pathogenicity of identified variants was analyzed following the
recommendations of the ACMG [Richards et al., 2015]. We de-
scribed the interest variants based on ATM transcript variant
NM_000051.3 at GenBank. In addition, we reviewed the UniProt
in https://www.uniprot.org/, ClinVar in https://www.ncbi.nlm.
nih.gov/clinvar/, dbSNP in https://www.ncbi.nlm.nih.gov/snp/,
gnomAD in https://gnomad.broadinstitute.org/,and in silico tools,
MutationTaster [Schwarz et al., 2014], PolyPhen-2 [Adzhubei et
al., 2010], and SIFT [Kumar et al., 2009].
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Results

Clinical Vignette

A Peruvian family of nonconsanguineous parents
with 5 children is shown in Figure 1. The proband (II-4)
is a 16-year-old girl with slowly progressive gait instabil-
ity, associated with recurrent falls since 2 years of age. At
6 years, a neuropsychological assessment found dimin-
ished attention, auditory memory difficulties, and mod-
erate dysarthria. By the age of 10, she was unable to walk
independently and complained about generalized pruri-
tus. A year after, she was confined to a wheelchair. There
is no history of any recurrent respiratory or digestive in-
fectious disease.

Physical examination performed at age 16 revealed
moderate bilateral dysarthria, dysmetria, dysdiadochoki-
nesia and mild global bradykinesia, as well as the diffi-
culty to stand without permanent support. Motor strength
is preserved; however, there is generalized muscle atro-
phy with bilateral extensor plantar reflexes. Ocular ex-
amination revealed multidirectional nystagmus with oc-
ulomotor apraxia and mild conjunctival telangiectasias.
She has generalized episodic jerk movements with pre-
dominance in the cephalic region and dystonic postures
of the upper limbs. Rating scale examination for ataxia
scored 26 for SARA and 15 for NESSCA.

Laboratory testing showed hematological and bio-
chemistry battery in normal ranges. An increased level of
AFP, 610 ng/mL (normal: 0-10 ng/mL). Neuroconduc-
tion study confirmed an axonal sensory neuropathy in
the lower limbs. Brain MRI showed severe global cerebel-
lar atrophy.

Rodriguez et al.



Her older sister (II-1) experienced gait disturbances
since she was 8 years old. By the age of 11, she was diagnosed
with non-Hodgkin lymphoma and died at 12 years affected
by complicated varicella zoster during chemotherapy. Her
mother (I-2), a healthy carrier at the age of 44, started can-
cer risk assessment; 1 month later she was diagnosed with
gastric signet ring cell carcinoma T2NOMO and 7 months
later invasive ductal carcinoma T1bNO(i+)MO.

Clinical Molecular Testing

Targeted sequencing using a panel of 83 cancer predis-
position genes was performed detecting 2 heterozygous
variantsinthe ATM gene:NM_000051.3:¢.3955_3958dup
(p-Asp1320delinsValTer) and NM_000051.3: ¢.5825C>T
(p-Ala1942Val). The search for carriers in first-degree rel-
atives, clinically healthy, detected ¢.3955_3958dup in the
mother at 44 years (I-2) and in the sister at 20 years (II-3).
Likewise, the other variant ¢.5825C>T was detected in the
11-year-old sister (II-5).

Discussion and Conclusion

Here, we describe a Peruvian family with ATM-related
conditions. The proband experienced progressive ataxia
combined with hyperkinetic movements. Her mother, an
obligate carrier, developed gastric and breast cancer.

Individuals with homozygous or compound heterozy-
gous pathogenic variants in the ATM gene usually devel-
op an ataxia plus syndrome, meaning ataxia plus other
systemic symptoms. This case presents with early-onset
ataxia, hyperkinetic movements, mild conjunctival telan-
giectasia, increased levels of AFP, and the absence of re-
current infections. The classical A-T phenotype com-
bines progressive ataxia in more than 96%, oculocutane-
ous telangiectasia up to 97%, recurrent infections almost
80%, cancer predisposition 10-25%, and increased levels
of AFP in more than 90% [Levy and Lang, 2018; Amirifar
et al., 2019]. However, with the discovery of the ATM
gene, an expanding phenotype involves other movement
disorders in addition to ataxia such as myoclonus 92%,
dystonia and choreoathetosis 89%, tremor 74% and par-
kinsonism 41%, even without ataxia or telangiectasia
[Levy and Lang, 2018; Teive et al., 2018]. Cases geneti-
cally confirmed as A-T and without telangiectasia have
been previously described; hence, there is a trend to rec-
ognize telangiectasia as a typical but not pathognomonic
sign of A-T [Teive et al., 2015]. It is not clear what the
origin is of the high serum AFP level in patients with A-T.
However, it has been shown that AFP levels increase pro-

Novel Compound heterozygous Mutation
in the ATM Gene

portionally with age; thus, it is considered as a diagnostic
marker [Stray-Pedersen et al., 2007]. The lack of a history
of recurrent infections in patients with A-T is unusual,
although it is postulated that this characteristic occurs in
patients with a normal immunoglobulin profile [Amirifar
et al,, 2019].

We established a cancer risk assessment with an an-
nual breast MRI based on the NCCN guideline [Daly et
al., 2020] and a control endoscopy based on a personal
history of burning epigastric pain. The obligate carrier
mother developed gastric and breast cancer later on, as
described in previous studies associated with pathogenic
variants in the ATM gene [van Os et al., 2016]. Early clin-
ical diagnosis of A-T should lead to genetic testing and
multidisciplinary management due to the cancer risk of
the patients and the carrier relatives. Although the pro-
band came to us late, we deemed that we determine car-
rier status of the family members and detected 2 types of
cancer at an early stage in the carrier mother.

Novel Compound Heterozygous Mutation Identified

within in ATM Gene

The ¢.3955_3958dup is reported as pathogenic in Clin-
Var with ID 653063 (https://www.ncbi.nlm.nih.gov/clin-
var/variation/653063), and it is part of the dbSNP collec-
tion with ID rs1591646379 (https://www.ncbi.nlm.nih.
gov/snp/rs1591646379). According to available evidence,
it meets ACMG criteria: PVS1 “pathogenic-very strong 1”
— this change produces a premature stop signal at exon
26. PM2 “pathogenic-moderate 2” - not found in gno-
mAD. Consequently, this variant is classified as patho-
genic according to the recommendations of the ACMG
[Richardsetal., 2015]. This nonsense variant has not been
previously reported in individuals with ATM-related
phenotype. Our case report provides clinical evidence for
both A-T and associated cancers, individuals I1-4 and I-2,
respectively, shown in Figure 1.

The ¢.5825C>T variant is reported as conflicting inter-
pretations of pathogenicity in ClinVar with ID 181999
(https://www.ncbi.nlm.nih.gov/clinvar/
variation/181999/),and it is part of the dbSNP collection
with ID rs730881394 (https://www.ncbi.nlm.nih.gov/
snp/rs730881394). This missense variant has been ob-
served in individuals with A-T [Carney et al., 2012; Davis
et al.,, 2013]. According to available evidence, it meets
ACMGS criteria: PM1 “pathogenic-moderate 1” - locat-
ed in the FAT domain with 230 coding variants (94.7%
pathogenicity) in ATM HUMAN UniProt. PM2 “patho-
genic-moderate 2” - allele frequency = 0.000004 in gno-
mAD Exome. PP3 “pathogenic-supporting 3” — multiple
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in silico tools (MutationTaster, PolyPhen-2 and SIFT)
predict pathogenicity.

Here, both ATM variants of the proband were con-
firmed to be in compound heterozygous status by segre-
gation. That is, the patient inherited the ¢.3955_3958dup
pathogenic variant from the mother (an affected allele)
and the ¢.5825C>T variant, most likely, from the father
(the other affected allele) since her younger sister (II-5)
harbors the ¢.5825C>T variant, and the oldest deceased
sister had a history of a similar A-T phenotype, shown in
Figure 1. Therefore, the variant meets the ACMG PM3
“pathogenic-moderate 3” criterion: for recessive disor-
ders, detected in trans with a pathogenic variant [Rich-
ards etal., 2015]. In addition, ¢.5825C>T has been report-
ed to result in absence of ATM activity by western blot
[Carney et al., 2012]. However, there are no well-estab-
lished functional studies supportive of a damaging effect
on the gene or gene product, according to current recom-
mendations for meeting the PS3 “pathogenic-strong 3”
criterion [Richards et al., 2015; Gelman et al., 2019].

Consequently, the ¢.5825C>T variant is classified as
likely pathogenic according to the recommendations of
the ACMG [Richards et al., 2015].

In conclusion, we report clinical evidence of A-T for
the novel compound heterozygous mutation
(c.3955_3958dup and ¢.5825C>T) and 2 cancers in a
€.3955_3958dup carrier. These clinical findings rein-
forced the evidence of pathogenicity for these variants
and allow timely decisions to be made in risk assessment
of ATM-associated conditions.
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