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Abstract

The provenance of ATM candidacy as a susceptible breast cancer gene stems from two sources. The main task
of ATM being that the ATM protein is a fundamental participant in mediating cellular responses to DNA damage,
including cellular signaling, DNA double-strand break repair and leading to cell-cycle arrest and apoptosis. From the
genetic standpoint, ATM is a gene mutated in ataxia-telangiectasia (AT), an autosomal recessive disorder
phenotypically characterised by chromosomal instability and an increased risk for lymphoproliferative tumors in
homozygotes. Numbers of studies have suggested that heterozygous carriers of ATM mutations are at increased
risk of breast cancer and ATM IVS10-6T→G SNP has been reported to significantly increase the breast cancer risk.
In order to shed further light on the putative contribution of ATM to breast cancer risk, we performed haplotyping of
the ATM locus in high-risk Kashmiri population. The ATM IVS10-6T→G polymorphism was studied in 130 breast
cancer patients and 220 female healthy controls using a PCR-RFLP (polymerase chain reaction-restriction fragment
length polymorphism) and conformation by DNA Sequencing. The PCR-RFLP analysis revealed that 68.4% (89 of
130) breast cancer patients were homozygous for T/T variant, 21.5% (28 of 130) patients were heterozygous for T/G
variant and 10% (13 of 130) patients were homozygous for GG variant. The present study concludes that the ATM
IVS10-6T→G polymorphism is associated with sufficiently high risk of breast cancer and among the breast cancer
cases and controls the heterozygous T/G variant determines the higher risk for initiating and developing breast
cancer.
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Introduction
Breast cancer is the second most frequent cancer in the world and is

by far the most common malignant disease in women, with an
incidence of 1.05 million new cases per year, accounting for 22% of all
new cancer cases [1]. It continues to be a major burden and cause of
death among women worldwide. Breast cancer has been associated
with a variety of risk factors [2] both genetic and epigenetic [3]. The
Development of human breast cancer arises from various genetic
alterations that drive the transformation of normal mammary
epithelial cells into highly malignant derivatives [4]. To encounter
these alterations, breast cells have developed diverse pathways that are
involved to repair different types of DNA damage and maintain
genomic integrity. Several studies have reported that paucity in the
DNA repair capacity may lead to deletions, amplifications, and/or
mutations of critical genes that contribute to breast carcinogenesis
[5,6].

Kashmir valley is located at an altitude of 1800-2400 m from the sea
level in the northern division of India. The distinctive ethnic
population of the valley, in terms of its unique geographical locale,
intra-community marriages, preserved genetic pool and food habits.
In the valley, breast cancer incidence has shown an increasing

tendency over the last couple of decades, concerning the female
population of the valley. In fact, breast cancer has reached second most
common cancer among females. A total of 6943 cases newline
registered between 1st January 2002 to 31st December 2006 comprised
of 4345 males and 2598 females [7].

ATM is located on chromosome 11q22.3. The ATM gene encodes a
protein of 3056 amino acids with a molecular weight of 350 kDa [8].
ATM belongs to the super family of Phosphatidylinositol 3-kinase-
related kinases [PIKKs]. As has been stated earlier, that ATM gene
mutations result in defective G1-S checkpoint control of the cell cycle
that is mediated through the p53, p21/cip1, cyclin dependent kinases,
and retinoblastoma protein and signal transduction pathways [9-11].
In addition, it has recently been reported [12] that two other genes that
are in the proximity of the ATM locus might be involved in breast
cancer development and progression. The ATM kinase plays a vital
role in preserving the genomic integrity. It is a crucial activator of the
cellular responses to DNA double-strand breaks [13]. Mutations in the
ATM gene cause ataxia-telangiectasia [A-T] [14], which is a rare
recessive disorder involving, cell cycle checkpoint defects, progressive
neurodegeneration, and increased risk for cancer [15]. As has been
reported earlier that ionizing radiation and other agents that cause
double-strand breaks in DNA, by defects in both the G1/S and G2/M
checkpoint responses, by defective inhibition of DNA replication, and
by defective production of p53 in response to ionizing radiation is
associated with an increased risk of breast cancer, hence the function
of the ATM protein in repairing the double strand breaks of DNA,
makes it a significant candidate in breast cancer predisposition [16].
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ATM might be a breast cancer susceptibility gene, first came from
studies describing that increased breast cancer risk among obligate
heterozygous mutation carriers in A-T families [17,18], thus, an
increased risk for breast malignancy, among individuals heterozygous
for germline ATM mutations has been reported in several studies
[19,20]. ATM mutation IVS10-6T→G, possess increased breast cancer
risk by about nine fold. Further attributing to the role of ATM in
breast cancer one more study has described the classical A-T with
homozygous IVS10-6T→G mutations in breast cancer [21], which
depicts that this mutation is clearly pathogenic. This mutation leads to
incorrect splicing of exon 11 and exon skipping, resulting in a frame
shift starting at codon 355 and subsequent truncation of the protein at
amino acid 419. The overall effect leads to the increased risk for
development of breast cancer.

The substantiation on the subject concerning the role of ATM as a
breast cancer susceptibility gene has been contradictory. By and large,
the incidence of ATM mutations found in breast cancer patients in the
general population has been low, and many of the ATM variants found
are too rare to be evaluated. These results have encouraged the
alternative methods to determine the role of ATM in breast cancer
susceptibility. As has been proposed that missense variants predispose
to breast cancer [22], it has been suggested that only a subset of ATM
mutations, that are distinct due to specific biological characteristics,
confer a risk of breast cancer, that is high, parallel to that of mutations
caused by BRCA1 and BRCA2 [23].

To crack the dilemma regarding the role of ATM mutations in
breast cancer susceptibility, we adopted a case-control strategy that
will shed further light on the putative contribution of ATM in breast
cancer risk. In the present study, we evaluated the IVS10-6T→G
variant, which is believed to be greatly involved in breast cancer
predisposition and development [21].

Materials and Methods

Study population and tumor tissue procurement
This study included 130 randomly selected breast cancer patients.

All patients included in the study were both male and female. All
breast cancer patients were recruited from Department of Surgery,
Sher-I-Kashmir Institute of Medical Sciences, from March 2008 to Jan
2010. Tumor types and stages were determined by two experienced
pathologists. Blood samples of 220 age and sex matched cases with no
signs of any malignancy were collected for controls.

Data on all breast cancer patients were obtained from personal
interviews with patients and/or guardians, medical records and
pathology reports. The data collected included sex, age, dwelling,
tumor location, lymph node status, Menopausal status. All patients
and/or guardians were informed about the study and their will to
participate in this study was taken on predesigned questionnaire. The

collection and use of tumor and blood samples for this study were
previously approved by the appropriate Institutional Ethical
Committee.

Controls
Patients attending the Department of general medicine at Sher-I-

Kashmir Institute of Medical Sciences [SKIMS] for general check-up
were screened. A total of 260 patients visited the SKIMS, out of 260
patients only 220 agreed to take part in the present study, henceforth
written informed consent was obtained from all patients for their
participation.

DNA isolation
Genomic DNA was extracted from tissue samples, peripheral blood

samples and control blood samples using DNA Extraction Kit
[Qiagen, USA]. The quality of the resulting genomic DNA was
stringently assessed by low percentage agarose gel electrophoresis
followed by UV spectrophotometer.

PCR-RFLP analysis
ATM IVS10-6T→G: In our study, polymerase chain reaction [PCR]-

restriction fragment length polymorphism [RFLP] assays were used
for screening the ATM IVS10-6T→G and T7271G variant using the
primers from earlier studied report [23]. Each PCR reaction was
performed in a 50 ul final volume containing 20 to 100 ng of genomic
DNA, 10 mmol/L Tris-HCl, 10 pmol/L of each primer, 200 umol/L of
each dNTP, and 1 U of Taq DNA polymerase [Genei, India]. PCR was
performed in a thermal cycler [Biorad icycler]. Both positive and
negative controls were used in each PCR reaction. PCR products were
run on 1.8% agarose gel and analyzed under UV illuminator.

The PCR products [20 ul] were digested for 16 h at 37°C with 1 unit
of RsaI for ATM IVS10-6T→G Deletion [Fermentas Inc, Vilnius,
Lithuania], where the G allele produced two bands [58 and 135 bp]; T
allele, which lacks a RsaI restriction site, was identified by a single 193-
bp product.

Direct Sequencing: PCR amplicons of the tumor samples and from
randomly chosen normal samples were first purified by DNA recovery
kit (Zymo Research, USA) and then used for direct DNA sequencing.
DNA sequencing was carried out at MACROGEN INC, Korea. To
minimize the sequencing artifacts by PCR, products from at least two
different PCRs were sequenced using forward and reverse primers.

Statistical analysis: Observed frequencies of genotypes in breast
cancer patients were compared to controls using chi-square or Fisher
exact tests when expected frequencies were small. The chi-square test
was used to verify whether genotype distributions were in Hardy-
Weinberg equilibrium. Statistical significance was set at P<0.05.
Statistical analyses were performed with PASW version 18 Software.

Variables Cases (n=130)

Total

N= 130

TT

89 (68.4%)

TG

28 (21.5%)

GG

13 (10.0%)

P Value; χ2

Dwelling

Rural:

Urban:

45 (34.6%)

85(65.4%)

25 (28.08%)

64 (71.91%)

13 (46.42%)

15 (53.57%)

7 (7.69%)

6 (46.15%)

0.06; 5.53
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Menopausal Status

Pre:

Post:

36 (27.7%)

94 (72.3%)

18 (20.22%)

71 (79.77%)

10 (35.71%)

18 (64.28%)

8 (61.53%)

5 (38.46%)

0.00; 10.82

Tumor Stage

II(a+b)

III(a+b)+IV

72 (55.4%)

58 (44.6%)

45 (50.56%)

44 (49.43%)

22 (78.57%)

6 (21.42%)

5 (38.46%)

8 (61.53%)

0.01; 8.44`

Histopathological Tumor
Grade

PD

MD+WD

25(19.23%)

58+47 (80.76%)

14 (15.73%)

75 (84.26%)

6 (21.42%)

22 (78.57%)

5 (38.46%)

8 (61.53)

0.14; 3.38

Table 1: Association between ATM gene IVS10-6T→G and clinico-pathologic characteristics

Results

Clinicopathological characteristics of patients
A total of 130 breast cancer patients were included in the study and

220 normal controls. Out of 130 breast cancer patients, 113 patients
were below 50 years of age and 17 were of 50 years of age or more. 72
patients had grade I and II tumor, and 58 had grade III and IV tumor
status.105 breast cancer patients had widely or moderately
differentiated histopathological grade and 25 had poorly differentiated
histopathological grade. 36 patients were in the pre-menopausal stage
while as 94 patients were in the post-menopausal stage. Table 1 shows
clinico-pathological characteristics related to the TT, TG and GG
variants.

ATM IVS10-6T→G genotype of the Breast Cancer patients
We determined the ATM IVS10-6T→G genotype in 130 breast

cancer patients; we found 68.4% [89 of 130] patients were homozygous
for T/T variant, 21.5% [28 of 130] patients were heterozygous for T/G
variant and 10% [13 of 130] patients were homozygous for GG variant.
ATM IVS10-6T→G was significantly associated with menopausal
status and tumor stage. The power of calculation was 0.99 in one side
test (Table 1).

In this study the observed genotype frequencies in cases and
controls were in Hardy-Weinberg equilibrium. The genotype
frequencies of ATM IVS10-6T→G in cases and controls were observed
and it was found that TG genotype is significantly associated with the
breast cancer cases (p value=0.001) Table 2.

ATM Genotype Cases (n= 130) Controls (n=220) OR (95% CI); p
value

TT 89 (47.6%) 120 (54.54%) 0.55; 0.35-0.87;
0.01

TG 28 (33.07%) 80 (36.36%) 2.08; 1.26-3.43;
0.004

GG 13 (19.23%) 20 (9.09%) 0.9; 0.43-1.87;
0.85

Table 2: Genotype frequencies of ATM gene polymorphism in cases
and controls and their associations with the risk of breast cancer
patients of Kashmir valley

Discussion
Breast cancer continues to be the most common malignancies in

women. The genome of breast cancer cells in general are considered
unstable. Based on the biological plausibility, apart from the highly
penetrant genes like BRCA1 and BRCA2, intermediate and low-
penetrance genes are usually chosen among the genes in which even a
subtle change could have an effect on the biochemical pathways that
influence carcinogenesis, this has been the main driving force of our
study, as ATM being considered as a low penetrant gene.

The ataxia telangiectasia mutated (ATM) gene is a tumor
suppressor gene, involved in repairing the damaged DNA. ATM plays
a major role in cell cycle arrest, apoptosis, and repair of DNA double-
strand breaks. AT cells are receptive towards agents that cause double-
strand breaks, due to their impaired checkpoint control and lack of
ability to repair DNA damage. Inheriting abnormal copies of this gene
causes the disease ataxia-telangiectasia. One copy of this mutated gene
if inherited results in high rate of breast cancer. Furthermore, ATM
also plays critical role in the regulation of BRCA1, which adds to the
evidence that ATM has a significant role in breast cancer [24,25]. As
has been reported earlier that the A-T carrier frequency of 1%
increases the breast cancer risk by threefold, it was suggested that A-T
heterozygosity may account for about 5% of all breast cancers [26],
which is much greater than the 1-2% attributable to mutations in
BRCA1 and BRCA2.

The study is carried in the Kashmir valley which is present at a high
altitude, with mostly consanguineous marriages resulting in
preservation of the genetic pool. As has been reported earlier breast
cancer is a heterogeneous disease, and many risk factors are
responsible in the development of breast cancer [27,28]. It has been
put forward that the frequency of ATM polymorphism vary according
to ethnic group; hence we performed the study to analyse the role of
ATM polymorphism in breast cancer patients in our ethnic
population. The main aim of our study was to predict the
predisposition towards the development of breast cancer due to single
nucleotide ATM polymorphism.

In our current study, we studied the ATM IVS10-6T→G
polymorphism in breast cancer patients and control subjects.
IVS10-6T→G is present at the exon 11 splice-site , as has been reported
earlier [29] that this mutation occurs frequently among the breast
cancer patients, suggesting that this particular ATM mutation might
be associated with an increased risk of breast cancer in ATM
heterozygote’s. IVS10-6T→G leads to incorrect splicing of exon 11 and
exon skipping, resulting in a frame shift starting at codon 355 and
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subsequent truncation of the protein at amino acid 419. The overall
effect leads to the increased risk for development of breast cancer.
From the earlier reports, it is quite clear that that the ATM allele which
is involved in the stabilization and phosphorylation of p53 gets
mutated, which is supposed to decreases the efficiency of the G1/S
checkpoint and also leads to defective DNA damage-induced
phosphorylation of BRCA1. The mutant ATM allele might exert a
dominant negative effect on the wild-type allele by inducing direct
competition with wild-type protein for binding to key substrates and
regulators, such as the p53 and BRCA1 proteins [27,28].

The objective of the present study was to assess the role of common
variation in ATM and breast cancer risk. 68.4% breast cancer patients
were homozygous for T/T variant, 21.5% patients were heterozygous
for T/G variant and 10% patients were homozygous for GG variant

We found the ATM IVS10-6G→T mutation is significantly
associated with the menopausal status suggesting that mammary
tumorigenesis is commonly initiated during pre-menopausal stages as
has been reported earlier [29].

ATM IVS10-6G→T mutation was also found to be statistically
significant with tumor grade [III+IV], which suggests that ATM-
mediated DNA damage response [DDR] signalling most likely plays a
critical role in progression of tumors.

We also found that the genotype frequencies of ATM IVS10-6G→T
in cases and controls, where TG genotype is significantly associated
with the breast cancer cases (p value=0.001), suggesting that the breast
cancer patients carrying a TG allele are at much higher risk for breast
cancer.

Although, the role of ATM in breast cancer susceptibility has been
controversial for about 20 years. However, our results support the
hypothesis that ATM heterozygotes do have an increased risk of
development of breast cancer. The current study is the first to report
ATM SNP in a population of high-risk Kashmiri population. It is
worth mentioning that specific genotypes are associated with breast
cancer risk even without performing the segmential process.
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