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ABSTRACT

should be discovered.

Ataxia Telangiectasia (AT) gene plays an important role in DNA damage response and involved in several cellular
signaling pathways. Here we report a high prevalence of cancer among a Druze family of ~1000 members affected
with AT living in the same village in North Israel. During the last four decades 16 AT patients were found
homozygotes carrying a truncated mutation at position 1339 (C>T) that eliminating the production of AT protein.
The high number of patients in this family is due to highly inbred with a large number of consanguineous marriages.
Therefore, the relatively high number of members of the family is carriers of this mutation. Moreover, in this family
more than 75 cancer patients were diagnosed. Thus, it is possible to postulate that carriers of truncated mutations
in AT gene are potentially at increased high risk for developing cancer. AT patients and heterozygous carriers of AT
mutations are sensitive to radiation therapy. Therefore, treatment of cancer patients carrying mutated AT gene may
avoid the use of radiation therapy and radiomimetic drugs. New medications act on ATM independent pathways

Keywords: Ataxia telangiectasia; Cancer prevalence; Truncated mutation; Carriers; Radiotherapy

INTRODUCTION

Ataxia Telangiectasia (AT) is a rare autosomal recessive disorder
that affects ~1:40,000-1:100,000 children in wvarious ethnic
groups. AT is a complex disease that characterized by progressive
cerebellar ataxia, ocular telangiectasia, broncho-pulmonary
infections, endocrine abnormalities, immunodeficiency, poor
growth, gonadal atrophy, delayed development, insulin resistant,
diabetes, chromosomal and genomic instability, hypersensitivity
to ionic radiation and a predisposition to cancer development.
AT patients, have a highly increased incidence of different types
of cancer including lymphomas and leukemia [1,2]. Moreover,
AT is often referred to as a genome instability or DNA damage
response syndrome. Most patients are confined to a wheel chair
before 10 years of age and die before the third decade of life.
Cells derived from patients with AT demonstrate sensitivity to
ionizing irradiation, chromosomal instability, shortened telomeres,
premature senescence and a defective response to DNA double
strand breaks (DSBs) [3]. AT is caused by mutations in the Ataxia
Telangiectasia Mutated (ATM) gene which encodes a protein of the
same name. The primary role of the ATM protein is coordination
of cellular signaling pathways in response to DNA double strand
breaks, oxidative stress and other genotoxic stress. This protein

was found to be a member of an expanding family of proteins,

all containing a C-terminal region resembling the catalytic domain
of phosphatidylinositol 3-kinase (PI 3-kinase) and is involved in
cellular response to DNA damage, regulation of telomere length
and cell cycle control [4,5].

The diagnosis of A-T is usually suspected by the combination of
neurologic clinical features such as: Ataxia, abnormal control of eye
movement, postural instability, telangiectasia, frequent infections,
IgA deficiency, lymphopenia especially affecting T lymphocytes
and increased alpha-fetoprotein levels. A diagnosis of A-T can be
confirmed by identification of pathological mutations in the ATM
gene. The ATM gene had been localized to chromosome 11q22-23,
contains 66 exons and coding to a nuclear 350 KDa protein with
homology to PI-3 Kinases [1]. At present, more than 400 different
mutations had been identified in this gene causing AT syndrome.
The reported mutations are specific to one family or ethnic group

(4].

ATM plays an important role in DNA damage response and
involved in several cellular signaling pathways. ATM regulated
cellular oxidative stress signaling, involved in the control of
proteostasis, prevented protein aggregation, played a role in the
cytosol in regulating autophagosome and involved in controlling
cell cycle progression [6]. Therefore, ATM can be defines as a tumor
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suppressor that plays an important role in cancer development.
Hereditary mutations of genes involved in DNA repair, such as
ataxia telangiectasia mutated (ATM), may result in markedly

increased susceptibility to a variety of cancers.

LITERATURE REVIEW
High prevalence of cancer among family affected with AT

Here we report a high prevalence of AT patients and cancer cases in
a Druze family of ~1000 members living in the same village in the
North region of Israel. During the last four decades 16 AT patients
were found homozygotes carrying a truncated mutation at position
1339 (C>T) that eliminating the production of ATM protein [7].
The homozygous patients described in this report first showed
symptoms of AT at the age of 4-6 years and the average mortality
age of patients is 12 years. These facts may indicated that truncation
mutations in the ATM gene are associated with an aggressive
phenotype of AT. The high number of patients in this family is due
to highly inbred with a large number of consanguineous marriages.
Moreover, the Druze religion strictly prohibits interreligious
marriages. Therefore, we guess the relatively high number of
members of the family is carriers of this mutation even higher than
that reported before, where germ-line ATM heterozygosity occurs
in less than 1% of the population [8]. According to Hardy Weinberg
law it is possible to estimate that ~20% of the family members are
carriers of the ATM mutated gene. Interestingly, in this affected
family with AT, more than 75 cancer patients were diagnosed.
Females were diagnosed with ovarian, breast, gastrointestinal and
lymphoma cancers; and males were diagnosed with lymphoma,
prostate, lung, melanoma, gastrointestinal and pancreatic cancers.
It is known that hereditary mutations of genes involved in DNA
repair such as ATM gene increased the susceptibility to cancer.
Thus, we postulate that ATM carriers are potentially at increased
high risk for developing cancer. The number of cancer cases in this
family is significantly higher than that of the estimated number by

OPEN aACCESS Freely available online

the Israel Ministry of health. It was estimated that approximately
500/100.000 and 303/100.000 of new cases were diagnosed in
the Israeli Jewish and Arab populations, respectively. Recently it
was reported that the lifetime risk for breast cancer in women who
are heterozygous for a hereditary germ-line mutations of the ATM
gene is likely greater than 25% [9]. Other studies indicated that
heterozygous for ATM gene mutations resulted in 2-3-fold risk of
cancer, and a 5- to 9-fold risk of breast cancer in women [10].
The results in the described family indicated that the risk of cancer
is higher (~75/1000) than that reported in the Arab population
in Israel (~303/100.000) and this due to the high number of
ATM carriers. On the other hand, somatic ATM mutations are
commonly found in lymphoid malignancies and solid tumors [11].
This may emphasize that carriers of ATM truncated mutations
have an increased susceptibility to a variety of cancers. This is in
agreement with the fact that ATM has a role in activating cell cycle
checkpoints following exposure to DNA damage. Defect in DNA
repair results in genomic instability and accumulation of other
genetic abnormalities, which is a hallmark of cancer development.
Activation of ATM phosphorylates and facilitate the activation of
downstream targets effectors such as Breast Cancer-1 (BRCAI),
BH3-Interacting Domain death agonist (BID), the effector
Chekpoint Kinase-2 (CHK2) and the tumor suppressor gene, p53,
which lead to a long-term cell-cycle arrest or apoptosis [12,13].

It is well known that AT patients and heterozygous carriers of ATM
mutations are sensitive to radiation therapy. Exposure to radiation
dissociates ATM from homodimers into active monomers that
interacts with and phosphorylates other sensor proteins such as
p53, Chekpoint Kinase-2 (CHK2), BID and BRCAI that may
lead to cell cycle arrest, apoptosis and DNA repair (Figure 1) [14].
In addition, cultured cells from heterozygote carriers of ATM
mutations have been reported to have a variable sensitivity to
radiation, being more sensitive than normal control cells but less
sensitive than homozygous ATM null cells [15].
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Figure 1: Schematic main cellular pathways of ATM. ATM is activated following exposure to irradiation that leads to the activation of
downstream targets; BRCAI, induced DNA repair; BID and CHK2 that lead to cell cycle arrest and activation of p53, which may lead
to induction of apoptosis or to cell cycle arrest through expression of p21.
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Chemotherapy toxicity is increased in patients with heterozygous
germ-line ATM mutations [11]. Probably this is due to the defective
DNA repair and genomic instability. This raises theoretical
concern with radiation exposure of ATM heterozygous carriers.
Moreover, it was hypothesized that carrying ATM mutations may
result in chemotherapy resistance. In order to avoid therapeutic
radiation and chemotherapy resistance therapy of cancer patients
it is highly recommended detecting sporadic ATM mutations in
cancer biopsies. These observations are similar to that reported
before and indicated that carriers of germ line mutations in BRCA1
and BRCAZ2 genes have very high risks of breast cancer and ovarian
cancer [16]. Therefore, Carriers of BRCA and/or ATM should
undergo annual mammographic screening for early detection of
breast cancer.

CONCLUSION

In conclusion, these observations may provide estimates of
cancer risk based on screening of ATM mutation carrier status.
Therefore, it is highly recommended to add ATM gene mutations
to commercially available gene panel assays for carrier’s detection.
Considering ATM carriers could be important for prevention and
early detection of cancer. Moreover, detection of ATM inherited
germ mutation or somatic mutation in cancer biopsies may be
important for designing new therapeutic strategies of cancer.
Therefore, we hypothesized that treatment of cancer patients
carrying mutated ATM should avoid the use of radiation therapy
and radiomimetic drugs. Furthermore, new medications act on
ATM independent pathways should be discovered.
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