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Abstract

Objective: The ataxia telangiectasia mutated (ATM) gene contains a functional single nucleotide

polymorphism (SNP) rs1801516 (G>A) that may be associated with cancer risk. This meta-

analysis aimed to interrogate the relationship between rs1801516 and cancer occurrence and

disease etiology.

Methods: We retrieved and identified the available case–control studies that met the inclusion

criteria from the PubMed, Web of Science, and Embase databases. Odds ratio (OR) and 95%

confidence intervals (CIs) were used to measure the association between rs1801516 and cancer

risk. Additionally, we performed sensitivity, subgroup, and publication bias analyses.

Results: After inclusion criteria were met, the meta-analysis included 29 studies, with 9,453

cancer patients (cases) and 14,646 controls. No association was found between rs1801516 and

cancer risk (pooled OR¼ 0.911; 95% CI, 0.740–1.123). Concordantly, no association was found

between rs1801516 and cancer risk after subgroup analysis by source of controls, cancer type, or

ethnicity, which confirmed the finding of the dominant model that this SNP is not involved in the

occurrence of cancer.

Conclusions: Through this meta-analysis, we found no association between rs1801516 and

cancer occurrence as a risk factor. These data provide useful information for future case–control

studies on cancer etiology.
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Introduction

Cancer occurrence is increasing because of
an aging population, the prevalence of
smoking, physical inactivity, and other life-
style factors.1 Cancer is a cellular abnor-
mality initiated by uncontrolled growth
caused by an accumulation of damage or
mutations in the genetic material due to
hereditary and environmental factors,
which causes cells to evade the many signals
that control cell growth and death.2 Genetic
factors have a greater effect on cancer ini-
tiation than do lifestyle or environmental
factors.3 Many candidate genes and varia-
tions have been identified that contribute to
cancer susceptibility.

The ataxia telangiectasia mutated
(ATM) gene is located on chromosome
11q22-23 with a full length of 150 kb.4 It
includes 66 exons that encode a 12-kb tran-
script. The encoded protein belongs to
the phosphatidylinositol (PI)3/PI4-kinase
family. As a Ser/Thr protein kinase, ATM
is an important regulator of cell cycle
checkpoint signaling and cellular responses
to DNA damage, and it acts by phosphor-
ylating downstream targets.5 After being
activated by DNA double-strand breaks,
ATM is involved in recognizing broken or
damaged DNA stands and in assisting
DNA repair by recruiting enzymes to recov-
er the damaged strands.6 Three deleterious
missense variants of the ATM gene are
associated with an increased risk of
cancer.7 Furthermore, in a study of
human gastric cancer, ATM mutation and
loss of ATM protein were associated with
large distal tumors of intestinal-type histol-
ogy and the induction of characteristics of
old age,5 suggesting that ATM-mediated
phosphorylation plays a role in the
response to other types of genotoxic
stress.8 Missense variants in ATM are also
associated with a predisposition to prostate
cancer.9 In addition, ATM has been dem-
onstrated to sustain cancer stem cell

survival by promoting autophagic flux,
and ATM kinase activity is enhanced in
HER2-dependent tumors.10

Variations in the ATM gene can affect
the normal function of the protein and
increase cancer risk. The polymorphism
rs1801516, also known as G5557A, involves
the substitution of an asparagine for an
aspartic acid at amino acid position 1853,
which is located in ATM exon 39.11

Presently, its exact effect is unclear.
A genome-wide association study found
that this missense mutation was associated
with melanoma and that the A allele was
protective.12 Previous studies have found
an association between this polymorphism
and increased cancer risk;13,14 however,
consensus on this association is yet to be
reached, which may be due to several fac-
tors varying among studies, including
cancer type, sample size, genetic back-
ground or race of participants, and poten-
tial confounding bias.15

When there is considerable variation in
the results of studies on topics that have
been studied extensively, meta-analysis can
be used to identify a common effect.16 Such
an analysis was conducted by Gao et al.
(2010)17 to assess whether the ATM
rs1801516 polymorphism was associated
with the risk of breast cancer. The analysis
included 9 epidemiological studies with
4,191 cases and 3,780 controls. Kang
et al.18 analyzed the association between
rs1801516 and papillary thyroid carcinoma
risk in 2014. However, only two relevant
studies were included in this meta-analysis.
It is necessary to perform a meta-analysis of
rs1801516 and its association with overall
cancer risk because these two recent meta-
analyses focused only on breast cancer and
papillary thyroid carcinoma. Additional
studies have reported the role of
rs1801516 in other cancer types, including
lung cancer, prostate cancer, and leukemia.
Some newly published studies have
reported an association between rs1801516
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and cancer risk. Therefore, we performed a
new meta-analysis of the ATM rs1801516
polymorphism and the risk of different
cancer types that includes more recent
research. Although meta-analysis can
increase power in rare cancer association
studies by gathering information across dif-
ferent cancers using multiple ethnic sam-
ples, different cancers still have different
pathophysiologies and etiologies. We
hypothesized that different types of cancers
might increase the heterogeneity of the
studies; we then performed a subgroup
analysis of cancer types to investigate the
source of heterogeneity.19

Materials and Methods

Reporting for this meta-analysis followed
the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. All data in this
study were from published studies and did
not involve patients directly. Therefore,
ethics committee approval and informed
consent were not required.

Identification of relevant studies

We performed a literature search of three
online literature databases (PubMed, Web
of Science, and Embase) to screen and iden-
tify available studies to be included in the
meta-analysis. The keywords used were
“ATM,” “ataxia-telangiectasia mutated,”
“rs1801516,” and “cancer.” Other possible
studies were screened from the reference
lists of included studies and relevant
reviews.

The inclusion criteria were as follows: (1)
the studies were designed as case–control;
(2) the cases in the identified studies were
cancer patients; and (3) the studies reported
the frequencies of ATM alleles and geno-
types. When authors published multiple
articles using the same or overlapping data-
sets, we selected the study with the larger

sample for inclusion. Exclusion criteria

included (1) letters, meta-analyses, reviews,

or case reports or those with healthy con-

trols; (2) studies without sufficient data;

(3) duplicate studies with overlapping

data. In the event that inclusion data,

including allele frequency, genotype, or

another sample characteristic, were not pre-

sent in a report, we contacted the authors

by email to obtain the relevant information.

Data analysis

Two investigators (Yueting Li and Pengxu

Shi) independently extracted the data from

each eligible publication, including the last

name of the first author, the year of publi-

cation, the geographic region, the genotyp-

ing method, the sample size, and the

genotyping results for both cases and con-

trols. Data pertaining to patient ethnicity,

control source, and cancer type were

extracted with a view to determining the

contributions of underlying characteristics

to the study findings.

Statistical analysis

The Hardy–Weinberg equilibrium (HWE)

of control genotypes was calculated using

a v2 test. The strength of the association

of rs1801516 and cancer was evaluated

using odds ratios (ORs) and 95% confi-

dence intervals (CIs). To calculate the

pooled estimates of the ORs and 95% CIs

among the studies, a random effects model

was used to resolve inter-study heterogene-

ity.20 A random effects model evaluates the

likely effect size across different cancers and

takes heterogeneity across studies into

account. It is different from a fixed effects

model, which evaluates the most likely

effect size from multiple studies by hypoth-

esizing that they are sampled with the same

cancer or from a single population, but the

model can be biased by high heterogeneity

across studies.
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Three genetic models (allele, dominant,

and recessive) were used to measure the

overall pooled ORs. As described in the

previous study, we compared OR1 (AA vs.

aa), OR2 (Aa vs. aa), and OR3 (AA vs. Aa),

where A is the risk allele.16 We selected the

most appropriate genetic model using a pre-

vious study.21,22

We evaluated the degree of inter-study

heterogeneity using a Q statistic,23,24

where P> 0.05 was defined as an absence

of heterogeneity. We performed subgroup

analysis for ethnicity (e.g., Caucasian or

Asian), source of controls (e.g., hospital-

or population-based), and type of cancer

(i.e., breast cancer, prostate cancer).
By means of sensitivity analysis, we eval-

uated whether a single study could influence

the pooled effect size. Specifically, we omit-

ted each study from the meta-analysis in

turn and subsequently evaluated whether

any significant alterations were made to

the pooled effect size.
Publication bias was investigated by

using funnel plots generated for each

study, in which the standard error of log

(OR) was plotted against the log(OR).

Possible publication bias was determined

when the plot was asymmetric, in which

case an Egger test was used to determine

degree of asymmetry, with P< 0.05 indicat-

ing publication bias.25

All statistical calculations were per-

formed using Stata version 10.0 (Stata

Corp., College Station, TX, USA).

In silico analysis

To predict the potential association

between rs1801516 and the expression of

ATM, we conducted expression quantita-

tive trait loci (eQTL) analysis using the

GTEx portal website (http://www.gtexpor

tal.org/home/).

Results

We searched online literature databases and
identified relevant articles for inclusion. The
literature screening flowchart is shown in
Figure 1. According to the established
inclusion criteria, 29 publications were ulti-
mately screened and included in our meta-
analysis.13,14,26–52 These 29 case–control
studies collectively contained 9,453 patients
with cancer (cases) and 14,646 unaffected
participants (controls). Individuals with dif-
ferent ethnic backgrounds were included
(e.g., Caucasian, Hispanic, African and
Asian, which included Arab, East Asian,
and Sinhalese). Table 1 summarizes the
main characteristics of the included studies,
and Table 2 summarizes the genotype and
allele frequencies of rs1801516 SNP and
HWE in controls. Of the 29 studies, four
deviated significantly from HWE.13,42,46,47

Heterogeneity detection and pooled
analysis

The association between the rs1801516
polymorphism and cancer risk was evaluat-
ed using pooled ORs (with 95% CIs) under
the dominant, recessive, homozygous
codominant, heterozygous codominant,
and allele genetic models (Figure 2,
Table 3). We selected the dominant model
to perform the pooled analysis according to
our model selection strategy.21,53 The
pooled results of the dominant model indi-
cated that there was no association between
the rs1801516 polymorphism and cancer
risk (OR, 0.911; 95% CI, 0.740–1.123).
After removing the four studies that deviat-
ed significantly from HWE, there was no
obvious change in the pooled result (OR,
0.914; 95% CI, 0.725–1.152). Subgroup
analysis was then performed, which also
failed to detect any association between
rs1801516 and cancer risk in any ethnicity
(Table 4). Moreover, no association was
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observed in the subgroup analysis between
rs1801516 and cancer by source of controls
(hospital-based and population-based).
Additionally, we performed a subgroup
analysis by type of cancer, again finding
no association between rs1801516 and the
occurrence of breast cancer, prostate
cancer, rectal cancer, leukemia, bladder
cancer, colorectal cancer, renal cancer,
head and neck cancer, cervical cancer, mel-
anoma, thyroid cancer, ovarian cancer, or
lung cancer (Table 4).

Sensitivity analysis

We next sought to determine the contribu-

tion of individual studies to the pooled

results via sensitivity analysis. To do this,

we removed each study from the analysis

in turn and determined pooled ORs. We

detected no significant changes between

each of these analyses and the overall

results of the meta-analysis, indicating

that none of the included studies signifi-

cantly altered the overall results.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) search flow
diagram.
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Therefore, our meta-analysis results are

stable and reliable.

Publication bias

Publication bias was assessed by generating

and analyzing a funnel plot (Figure 3); no

significant effects of publication bias were

detected by Egger’s test (Table 3).

In silico analysis

Using eQTL analysis, we found that, com-

pared with the G allele, the A allele of the

rs1801516 locus did not alter expression of
ATM mRNA (Figure 4).

Discussion

We explored the underlying relationship
between the rs1801516 SNP of the ATM
gene and the occurrence of cancer using a
meta-analysis that included 29 case–control
studies. The pooled results indicated that
this polymorphism is not associated with
cancer risk, and the subgroup analyses
showed no associations between this SNP
and cancer risk in any subgroup defined

Table 1. Baseline characteristics of qualified studies in this meta-analysis.

First author Year Region Ethnicity

Controls

source Type of cancer

Case/

control

D€ork 2001 German Caucasian Population Breast cancer 1000/500

Sommer 2002 USA Caucasian Hospital Breast cancer 43/43

Ang�ele 2003 France Caucasian Hospital Breast cancer 312/254

Bretsky 2003 USA Mixed Population Breast cancer 428/426

Buchholz 2004 USA Mixed Population Breast cancer 58/528

Ang�ele 2004 UK Caucasian Population Prostate cancer 628/445

Kristensen 2004 Norway Caucasian Hospital Rectal cancer 151/3526

Heikkinen 2005 Finnish Caucasian Population Breast cancer 121/306

Meier 2005 German Caucasian Hospital Leukemia 103/99

Tommiska 2006 Finland Caucasian Population Breast cancer 803/702

Wu 2006 USA Caucasian Hospital Bladder cancer 608/592

Yang 2007 USA Caucasian Hospital Lung cancer 544/546

González-Hormazábal 2008 Chile Hispanic Population Breast cancer 126/200

Margulis 2008 USA Caucasian Population Renal cancer 323/335

Schrauder 2008 German Caucasian Hospital Breast cancer 514/511

Hirsch 2008 USA African Hospital Breast cancer 37/95

Tapia 2008 Chile Hispanic Population Breast cancer 94/200

Maillet 2010 Switzerland Caucasian Population Colorectal cancer 167/163

Al-Hadyan 2012 Saudi Arabia Arab Hospital Head and neck

cancer

156/251

Xu 2012 USA Caucasian Hospital Thyroid cancer 592/885

Oliveira 2012 Portugal Caucasian Hospital Cervical cancer 149/275

Pe~na-Chilet 2013 Spain Caucasian Hospital Melanoma 449/311

Damiola 2013 Belarus Caucasian Population Thyroid cancer 70/250

W�ojcicka 2014 Poland Caucasian Hospital Thyroid cancer 939/1844

Maillard 2015 France Caucasian Population Thyroid cancer 175/270

Pereda 2015 Cuban Hispanic Population Thyroid cancer 197/206

Tecza 2015 Poland Caucasian Hospital Ovarian cancer 223/335

Yue 2018 China East Asian Hospital Breast cancer 94/200

Sirisena 2018 Sri Lanka Sinhalese Population Breast cancer 349/348
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by ethnicity, source of controls, or cancer
type.

Previously, a putative association
between rs1801516 and the occurrence of
cancer was analyzed in two meta-analy-
ses.17,18 These studies found that this SNP
in ATM was not a risk factor for breast
cancer or papillary thyroid carcinoma,
respectively. Compared with the previous
meta-analysis on breast cancer susceptibili-
ty, three new studies were included in
our meta-analysis.17 Compared with the

meta-analysis on thyroid cancer susceptibil-
ity, three new studies were included in our
meta-analysis.18 Generally, our results are
consistent with those of the previous stud-
ies. Although our meta-analysis overlapped
somewhat with prior analyses, there are
some highlights compared with the previous
studies. First, our analysis included new
studies published after the previous meta-
analyses were performed. Twenty-nine
studies were included, which better repre-
sents the contribution of rs1801516

Table 2. Distribution of genotype and allele frequencies of the ATM rs1801516 polymorphism.

Genotype distribution Allele frequency

Cases, n Controls, n Cases, % Controls, %

First author GG GA AA GG GA AA PHWE G A G A

D€ork 753 235 12 422 74 4 0.7047 87.05 12.95 91.80 8.20

Sommer 38 5 0 31 12 0 0.2876 94.19 5.81 86.05 13.95

Ang�ele 240 65 7 192 56 6 0.4330 87.34 12.66 86.61 13.39

Bretsky 329 92 6 326 93 7 0.9013 87.70 12.30 87.50 12.50

Buchholz 39 17 2 394 119 15 0.1070 81.90 18.10 85.89 14.11

Ang�ele 457 153 18 309 124 12 0.9168 84.95 15.05 83.37 16.63

Kristensen 99 50 2 2413 1008 105 0.9826 82.12 17.88 82.73 17.27

Heikkinen 68 44 9 174 109 23 0.3081 74.38 25.62 74.67 25.33

Meier 80 22 2 75 23 2 0.8792 87.86 12.14 86.87 13.13

Tommiska 485 285 33 404 260 38 0.6475 78.14 21.86 76.07 23.93

Wu 434 156 18 439 136 17 0.1090 84.21 15.79 85.64 14.36

Yang 537 (GGþGA) 7 536 (GGþGA) 10 – – – – –

González-

Hormazábal

100 26 0 174 26 0 0.3255 89.68 10.32 93.50 6.50

Margulis 254 64 5 249 81 5 0.5829 88.54 11.46 86.42 13.58

Schrauder 406 99 9 369 129 13 0.6683 88.62 11.38 84.83 15.17

Hirsch 29 8 0 78 17 0 0.3382 89.19 10.81 91.05 8.95

Tapia 74 19 1 183 15 2 0.0155 88.83 11.17 95.25 4.75

Maillet 136 31 0 120 40 3 0.8740 90.72 9.28 85.89 14.11

Al-Hadyan 131 23 2 218 33 0 0.2650 91.35 8.65 93.43 6.57

Xu 483 109 (GAþAA) 697 188 (GAþAA) – – – – –

Oliveira 113 31 5 194 79 2 0.0448 86.24 13.76 84.91 15.09

Pe~na-Chilet 349 91 9 232 68 11 0.0397 87.86 12.14 85.53 14.47

Damiola 63 6 1 177 66 7 0.7777 94.29 5.71 84.00 16.00

W�ojcicka 730 191 18 1455 357 32 0.0664 87.91 12.09 88.58 11.42

Maillard 164 11 0 262 8 0 0.8048 96.86 3.14 98.52 1.48

Pereda 153 44 0 162 42 2 0.6899 88.83 11.17 88.83 11.17

Tecza 153 64 6 254 76 5 0.7998 82.96 17.04 87.16 12.84

Yue 74 19 1 183 15 2 0.0155 88.83 11.17 95.25 4.75

Sirisena 312 36 1 290 56 3 0.8705 94.56 5.44 91.24 8.76

ATM, ataxia telangiectasia mutated; PHWE, P-value of Hardy–Weinberg equilibrium test in the genotype distribution of

controls.
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Figure 2. Forest plot of the association between the rs1801516 polymorphism of the ATM gene and cancer
in the dominant genetic model (GGþGA vs. AA). ATM, ataxia telangiectasia mutated; OR, odds ratio; CI,
confidence interval.

Table 3. Summarized ORs with 95% CIs for the association of ATM rs1801516 polymorphism with cancer.

Polymorphism Genetic model n

Statistical

model OR 95% CI Pz I2 (%) Ph Pe

Rs1801516

Allele contrast 27 Random 1.014 0.900–1.143 0.815 33.5 0.048 0.585

Homozygous

codominant

23 Random 0.918 0.741–1.138 0.437 0.0 0.756 0.905

Heterozygous

codominant

23 Random 0.930 0.745–1.160 0.520 0.0 0.895 0.888

Dominant 24 Random 0.911 0.740–1.123 0.383 0.0 0.856 0.961

Recessive 24 Random 1.014 0.888–1.159 0.832 68.0 <0.001 0.675

ATM, ataxia telangiectasia mutated; n, number of studies; OR, odds ratio; CI, confidence interval; Pz, P-value for association

test; Ph, P-value for heterogeneity test; Pe, P-value for publication bias test.
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compared with the previous meta-analyses.

Second, we performed subgroup analyses

were by ethnicity, source of controls, and

type of cancer to explore the potential ori-

gins of heterogeneity and to measure stabil-

ity. Thus, our meta-analysis provided a more

accurate and comprehensive analysis, lead-

ing to increased confidence in our finding

that rs1801516 was not associated with the

risk of breast cancer, prostate cancer, rectal

cancer, colorectal cancer, leukemia, bladder

cancer, renal cancer, head and neck cancer,

cervical cancer, melanoma, thyroid cancer,

ovarian cancer, or lung cancer.
Our ability to conclusively define stable

effects by subgroup, however, was limited

by the relatively small sample sizes included

in the subgroup analysis. Only one study

reported an association between rs1801516

and cancer risk in Arab, East Asian, and

Sinhalese ethnicities. Moreover, except for

breast and thyroid cancers, the association

of any other cancer type was reported in

only one study. Thus, because of the limited

sample size, the results of the association

between rs1801516 and cancer risk in

these subgroups are not comprehensive.
A prior meta-analysis of individual

patient data showed that ATM SNP

rs1801516 was significantly associated with

toxicity after radiotherapy in 5,456 patients

with breast and prostate cancer.54 The

mutant allele increased the risk of radiation-

induced normal tissue toxicity. Another

meta-analysis of 2,000 patients from nine

studies showed that the rs1801516

Table 4. Stratified analysis of the association of ATM polymorphism rs1801516 with cancer under the
dominant model.

Subgroup analysis
rs1801516

n OR 95% CI Pz I2 (%) Ph

Overall 24 0.911 0.740–1.123 0.383 0.0 0.856

Ethnicity

Caucasian 20 0.909 0.736–1.122 0.374 0.0 0.867

Asian 3 1.129 0.202–6.316 0.890 27.5 0.252

Source of controls

Hospital-based 12 0.958 0.715–1.283 0.773 0.0 0.486

Population-based 12 0.865 0.642–1.166 0.342 0.0 0.917

Type of cancer

Breast cancer 10 0.848 0.624–1.151 0.290 0.0 0.977

Prostate cancer 1 1.065 0.508–2.233 0.868 – –

Rectal cancer 1 0.437 0.107–1.789 0.250 – –

Leukemia 1 0.960 0.133–6.954 0.968 – –

Bladder cancer 1 1.032 0.527–2.022 0.927 – –

Renal cancer 1 1.038 0.298–3.619 0.954 – –

Colorectal cancer 1 0.137 0.007–2.671 0.190 – –

Head and neck cancer 1 8.139 0.388–170.655 0.177 – –

Cervical cancer 1 4.740 0.908–24.733 0.065 – –

Melanoma 1 0.558 0.228–1.363 0.200 – –

Thyroid cancer 3 0.992 0.571–1.724 0.978 0.0 0.457

Ovarian cancer 1 1.825 0.550–6.053 0.326 – –

Lung cancer 1 0.699 0.264–1.849 0.470 – –

ATM, ataxia telangiectasia mutated; n, number of studies; OR, odds ratio; CI, confidence interval; Pz, P-value for association

test; Ph, P-value for heterogeneity test.
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polymorphism significantly increased the risk

of developing radiotherapy-induced late

fibrosis.55 Furthermore, a significant associa-

tion was found between rs1801516 and

papillary thyroid carcinoma after childhood

exposure to ionizing radiation from the

Chernobyl nuclear accident.48 Thus, more

research is needed to explore the role of

Figure 3. Funnel plot analysis depicting publication bias in the association between the rs1801516 poly-
morphism of the ATM gene and cancer in (a) Caucasian subgroup; (b) Asian subgroup; (c) population-based
controls subgroup; (d) hospital-based controls subgroup; (e) breast cancer subgroup; and (f) thyroid cancer
subgroup. ATM, ataxia telangiectasia mutated; OR, odds ratio.
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rs1801516 in the occurrence of cancer and

adverse effects in patients after treatment

with radiation therapy.
There are some potential limitations to

our current analysis. First, we did not ana-

lyze gene–gene interactions or epigenetics,

which are factors that can influence

cancer. Smoking, physical inactivity, and

emotional state are also involved in the

occurrence of cancer. Second, just one

SNP in the ATM gene was analyzed, and

information on this particular SNP was lim-

ited. Many polymorphic loci have been

reported to be involved in the etiology of

cancer.56–58 The occurrence of cancer is

usually thought to involve multiple genes

and their interactions. Third, there was

clear heterogeneity in the recessive genetics

model of the association between rs1801516

locus and the occurrence of cancer. The

final pooled samples included Caucasian,

Hispanic, African, Arabian, and Sri

Lankan patients. The source of heterogene-

ity might be that the different ethnicities

contained various genetic backgrounds.

Finally, we did not register this study with

the International Prospective Register of

Systematic Reviews (PROSPERO) but we

will do so in future studies.

Conclusion

In this study, we showed that there was no

association between the rs1801516 SNP in

the ATM gene and cancer risk. Additional

studies on a wider array of ethnic popula-

tions are required to validate our subgroup

analysis. Future studies should focus on

environmental and epigenetic factors that

contribute to the risk of cancer.
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