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Abstract: Background: Recent reports revealed a significant association of NBN polymorphisms with risk of acute 
leukemia among Chinese, but not among Europeans. The objective of this study was to obtain a more precise mea-
sure of acute leukemia risk associated with NBN rs1805794, rs2735383, rs709816 polymorphisms. Methods: 
Using PubMed, Embase, ISI Web of Science, and the Cochrane Library databases, we undertook a systematic litera-
ture search up to September 1, 2014. Eligible studies were singled out from 31 possibly related publications by two 
investigators. Based on the extracted NBN genotypes, we calculated pooled odds ratios (ORs) and 95% confidence 
intervals (95% CI) by use of the random effects model proposed by DerSimonian and Laird. Results: We finally de-
rived 3,065 subjects for meta-analysis of rs1805794, and found that carriage of the CC genotype was associated 
with approximately 1.70-fold increased risk of acute leukemia (OR 1.66, 95% CI 1.17-2.36; OR 1.77, 95% CI 1.23-
2.54). A 25% higher risk was also identified among the individuals with the C allele (OR 1.25, 95% CI 1.03-1.51). 
Among 1,553 subjects for rs2735383, no significant association was indicated in the investigated comparison 
models. Nor did the analysis of 1,485 samples for rs709816 suggest any noteworthy connection. Conclusions: Car-
riage of rs1805794 polymorphism in the NBN gene may be associated with the occurrence of acute leukemia. New 
clinical studies are needed to identify the genetic associations and thus facilitates an increased understanding of 
the molecular mechanisms of this malignancy. 
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Introduction

Leukemia is a group of aggressive cancers  
that usually starts in the bone marrow and  
consequently causes a large quantity of in- 
completely developed white blood cells called 
leukemia cells or blasts [1, 2]. The incidence 
and mortality rate of leukemia, mainly com-
posed of acute myeloid leukemia (AML), acute 
lymphoblastic leukemia (ALL), chronic myeloid 
leukemia (CML), and chronic lymphocytic leuke-
mia (CLL), rapidly increases over the past 
decade: about 256,000 diagnoses and 
209,000 deaths across the world in 2001, 
accounting for almost 3% of all cancer-related 
deaths that year [3]. The number of deaths 
increased to about 281,500 in 2010 [4]. This 
consistent increase along with the fact that eti-
ology of leukemia is complex and the exact 
causes remain unidentified highlights the sub-
stantial importance to establish the suscepti-
bility factors.

In addition to environmental risk factors  
(high-dose ionizing radiation, prior chemothera-
py, and chemical compounds) and poor life-
styles (heavy tobacco smoking), inherited  
factors are considered as important compo-
nents in the development of leukemia [5, 6]. 
Nibrin (NBN, Nbs1), a member of MRN complex, 
play a central role in regulating activity of NBN 
protein related to immunoglobulin class shift-
ing, telomere sustainment, meiotic recombina-
tion and reconstruction of DNA damage such as 
double strand breaks (DSBs) [7-9], a major 
cause of chromosomal damage and subse-
quent formation of various diseases. In exon 5 
of NBN, there locates a common non-synony-
mous single-nucleotide polymorphism with a C 
to G conversion (rs1805794). It has previously 
been described that rs1805794 has an influ-
ence on NBN protein function and the interac-
tions with many other proteins [10]. A series  
of meta-analyses demonstrated strong evi-
dence of significantly increased risk of breast 
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publications where the same patients were 
included, we considered the publication with 
the largest sample size. 

We excluded the studies when a smaller study 
was subsequently updated by an extended 
study by the same group of authors, essential 
genotyping data were not provided and unavail-
able even after having contacted the major 
authors, published as a case-case or case-only 
study, or deviation from Hardy-Weinberg equi-
librium was detected in controls. 

For the studies included in the meta-analysis, 
two experienced investigators separately 
extracted data on first author, publication year, 
study location (country), ethnicity (racial origin), 
genotyped patients and controls, subtype (AML 
or ALL), mean age, minor allele frequency 
(MAF), and count of wild-type, heterozygous, 
and homozygous genotypes. We categorized 
ethnic populations as Chinese or European. 
Disparities, if any, were settled via discussion.

Quality assessment

The methodological quality of each study was 
separately assessed by two investigators who 
completed data extraction. The assessment 
was carried out according to the Newcastle-
Ottawa quality assessment scale (NOS) [23]. 
This scale consists of three parts including a 
total of nine items (1 point for each item): com-

cancer, lung cancer, and urinary system cancer 
ascribed to NBN polymorphisms including 
rs1805794 [11-14]. Nonetheless, the role of 
NBN polymorphisms in the development of 
acute leukemia remains unidentified, due to 
the inconsistent results yielded in epidemio-
logical and molecular studies representing dis-
tinct populations [15-18]. 

Herein, we targeted three polymorphisms 
(rs1805794, rs2735383, rs709816) in the 
NBN gene, and performed a meta-analysis to 
better define the association between NBN and 
risk of developing acute leukemia. 

Methods

Publication search

To identify the publications reporting on asso-
ciation of NBN gene polymorphisms and risk of 
acute leukemia, we undertook a systematic lit-
erature search up to September 1, 2014, using 
PubMed, Embase, ISI Web of Science, and the 
Cochrane Library databases, without limits on 
language. The search terms included acute 
myeloid leukemia, acute lymphoblastic leuke-
mia, leukemia, polymorphism, variant, NBN, 
and NBS1. In order to derive as many usable 
data as possible, we additionally scrutinized 
the references quoted in narrative reviews and 
epidemiological studies examining the associa-
tion under investigation. 

Inclusion criteria, exclusion 
criteria and data extraction

We pre-defined the following 
conditions to single out all eli-
gible studies from the possibly 
relevant publications: (1) case 
group consisted of AML or ALL 
patients, (2) collecting healthy 
subjects as reference group, 
(3) evaluating risk of acute leu-
kemia in association with at 
least one of the NBN gene 
polymorphisms being investi-
gated, (4) providing genotype 
data in detail to calculate odds 
ratios (ORs), (5) genotype dis-
tribution in control popula-
tions must be consistent with 
Hardy-Weinberg equilibrium, 
and (6) the subjects must be 
unique. In case of two or more 

Figure 1. Study flow chart for the process of selecting the eligible studies.
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parability (2 items), exposure (3 items), and 
selection (4 items).

Quantitative data synthesis

Deviation from Hardy-Weinberg equilibrium was 
examined by use of the goodness-of-fit X2-test 
in control groups. Statistical data were per-
formed using the Stata software package 
v.12.0 (Stata Corporation, College 162 Station, 
TX, USA). P < 0.05 was considered significant, 
unless stated otherwise.  

Data on wild-type, heterozygous and homozy-
gous genotypes of NBN polymorphisms were 
used to assess the risk of developing acute leu-
kemia [ORs and 95% confidence intervals (CIs)]. 
We calculated the pooled OR and 95% CIs 
assuming the homozygous comparison model, 
the recessive comparison model, and the allele 
comparison model to investigate the associa-
tion between carriage of two minor alleles or 
one minor allele alone and risk of acute 
leukemia. 

Between-study heterogeneity was assessed by 
the X2-based Q test and we considered P < 
0.05 statistically significant. We also utilized 
the I2 metric to quantify the proportion of total 
variation across studies [19], with 0%, 0-25%, 
25-50%, 50-100% indicating no, low, moder-
ate, and large heterogeneity, respectively. The 
random-effects model (the DerSimonian and 
Laird), an analytical method prone to provide 
wider 95% CIs, was performed to estimate val-
ues of the single studies as well as the pooled 
ORs [20]. 

Sensitivity analysis was performed by sequen-
tially omitting the included epidemiological 
studies, to check whether the independent 
data sets exerted significant influence on the 
combined effect sizes. Potential publication 
bias was determined using the funnel plot and 
Egger’s linear regression test, with an asym-
metric funnel plot suggesting presence of sub-
stantial publication bias [21, 22]. 

Results

Study exclusion and inclusion

Systematically searching the electronic data-
bases yielded 31 related publications in total. 
All titles were screened and 19 publications 
were excluded due to obvious irrelevance to the 
current topic. For the remaining 12 studies, we 
scanned the abstracts and deleted 5 studies 
due to narrative reviews or concerning other 
NBN polymorphisms (each polymorphism being 
investigated in less than two studies of acute 
leukemia). We then retrieved 7 full-length stud-
ies and examined their eligibility according to 
the inclusion criteria, excluding 3 studies owing 
to lack of essential data, being updated by fol-
lowing larger studies and case-only study. The 
reasons of study exclusion and inclusion are 
detailed in Figure 1. 

Study characteristics

Our meta-analysis finally incorporated four 
studies [15-18], providing 3,065 subjects for 
rs1805794, 1,553 subjects for rs2735383, 
and 1,485 samples for rs709816. All studies 

Table 1. Characteristics of studies assessing effects of NBN polymorphisms on acute leukemia risk

Author and year Study 
location

Study 
population

Number of 
cases/controls

NBN genotypes
Subtype

Cases Controls
rs1805794 GG GC CC GG GC CC
    Li 2013 [15] China Chinese 428/600 63 210 155 192 298 110 AML
    Jiang 2011 [16] China Chinese 175/350 26 83 66 119 181 50 ALL
    Smolkova 2014 [17] Norway European 460/545 211 203 46 252 241 52 ALL
    Mosor 2013 [18] Poland European 232/275 96 92 44 111 134 30 ALL, AML
rs2735383 GG GC CC GG GC CC
    Li 2013 [15] China Chinese 428/600 157 208 63 202 290 108 AML
    Jiang 2011 [16] China Chinese 175/350 61 80 34 122 174 54 ALL
rs709816 TT TC CC TT TC CC
    Smolkova 2014 [17] Norway European 458/545 183 214 61 216 258 71 ALL
    Mosor 2013 [18] Poland European 207/275 71 96 40 96 129 50 ALL, AML
AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia.
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reported detailed genetic data and showed 
consistency with Hardy-Weinberg equilibrium (P 
> 0.05). These four studies were composed of 
two ALL studies, one AML study and one study 
investigating both subtypes without reporting 
separate genotyping data. In addition, two 
studies were conducted in Chinese subjects 
and two in European subjects. The main char-
acteristics of studies assessing the effects of 
NBN polymorphisms on acute leukemia risk are 
shown in Table 1. 

Quantitive analysis 

Association of NBN rs1805794 polymorphism 
with acute leukemia: In the meta-analysis of 
rs1805794, we found that carriage of the CC 
genotype, compared with carriage of the GG 
genotype, was associated with 1.66-fold 
increased risk of acute leukemia (OR 1.66, 95% 
CI 1.17-2.36, Figure 2). A slightly higher risk 
was detected under the recessive comparison 
model (OR 1.77, 95% CI 1.23-2.54, Figure 3). 
When using the allele comparison model, we 

found a 25% higher risk among the individuals 
with a single C allele (OR 1.25, 95% CI 1.03-
1.51, Figure 4). 

Association of NBN rs2735383 polymorphism 
with acute leukemia: We assessed the effects 
of NBN rs2735383 polymorphism on acute leu-
kemia occurrence among 1,553 subjects. The 
pooled OR in the homozygous comparison 
model showed no significant association (OR 
0.94, 95% CI 0.67-1.30), as displayed in Figure 
2. The non-significant association persisted in 
the recessive comparison model (Figure 3) and 
the allele comparison model (Figure 4).

Association of NBN 709816 polymorphism 
with acute leukemia: In the 1,485 samples for 
rs709816, we did not find any significant asso-
ciation in any of the comparison models tested 
(OR 1.03, 95% CI 0.76-1.39 for the homozy-
gous model, Figure 2; OR 1.04, 95% CI 0.78-
1.38 for the recessive model, Figure 3; OR 
1.01, 95% CI 0.88-1.16 for the allele model, 
Figure 4). 

Figure 2. Meta-analysis for NBN polymorphisms and acute leukemia risk in the homozygous comparison model. 
Each study was shown by a point estimate of the effect size (OR) (size inversely proportional to its variance) and its 
95% confidence interval (95% CI) (horizontal lines). The diamond denotes the pooled OR. 
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Heterogeneity test

We detected significant between-study hetero-
geneity across the studies focusing on 
rs1805794 and acute leukemia risk in all 
genetic models adopted (P < 0.05). We attempt-
ed to explore the source of heterogeneity and 
found ethnicity was an important factor that 
affected the homogeneity (data not shown).

Sensitivity analyses 

We performed sensitivity analyses by repeating 
the meta-analysis while removing one study, 
finding that the recalculated ORs were not 
quantitatively altered (data not shown). The 
procedures indicated that the results of our 
meta-analysis are reliable and robust. 

Discussion

To our knowledge, this is the first meta-analysis 
that has examined the association of NBN poly-
morphisms with acute leukemia. Based on the 

epidemiological data published to date, we 
demonstrated evidence supporting the notion 
that presence of the CC genotype or the C allele 
of NBN rs1805794 conferred significantly 
increased susceptibility to acute leukemia. In 
contrast, we did not find any evidence of an 
association for s2735383 and rs709816 poly-
morphisms. These findings should be evaluat-
ed with caution in the light of sample inadequa-
cy and additional larger studies are clearly 
needed to identify the association between 
NBN polymorphisms and acute leukemia 
susceptibility. 

DSB is a common form of DNA damage espe-
cially hazardous to human cells because of the 
serious consequences if left unrepaired, such 
as genomic instability, genome rearrangements 
and tumorigenesis. Previously identified mech-
anisms involved in the repair of DSBs include 
microhomology-mediated end joining (MMEJ), 
homologous recombination, and non-homolo-
gous end joining (NHEJ) [25]. The fact that the 

Figure 3. Meta-analysis for NBN polymorphisms and acute leukemia risk in the recessive comparison model. Each 
study was shown by a point estimate of the effect size (OR) (size inversely proportional to its variance) and its 95% 
confidence interval (95% CI) (horizontal lines). The diamond denotes the pooled OR. 
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MREll/RAD50/NBN complex has a key role in 
recognition and response to distinct types of 
DNA damage suggests the importance of NBN 
during the process of DSBs repair [26]. 
Mutations in the NBN gene result in defective 
response to DNA DSBs which has been associ-
ated with a chromosomal instability disorder-
Nijmegen breakage syndrome [27]. People with 
this NBN mutation-related disease are more 
likely to suffer a variety of cancers, such as 
breast cancer, bladder cancer, lung cancer and 
acute leukemia [24, 28-30]. The causal asso-
ciations between NBN polymorphisms and the 
former three common cancers have recently 
been confirmed in multiple meta-analyses 
where a sufficient number of epidemiologic 
studies were incorporated [11-13]. 

Considering the functional importance of NBN 
polymorphisms, and most importantly the sta-
tus quo that no previous meta-analysis has 
examined the association of these polymor-
phisms with risk of acute leukemia, we decided 

to use the statistical method to derive a higher 
statistical power for the measure of interest. 
rs1805794, but not rs2735383, rs709816, 
showed a strong association with the risk of 
developing acute leukaemia, an observation 
consistent with earlier clinical studies among 
subjects of Chinese origin [15, 16], and con-
trary to the studies in European samples [17, 
18]. A possible reason for the inconsistency 
may relate to the sampling variance. The sam-
ple is obviously expanded when all data sets 
are pooled together, contributing to the identifi-
cation of a significant association that the sin-
gle studies failed to identify. Another possible 
explanation is that NBN polymorphisms predis-
pose to acute leukemia in an ethnic-specific 
manner and do not function in European popu-
lations. These hypotheses remain to be investi-
gated in future larger studies.

It is believed that different kinds of leukemia 
have different etiologies. In the present study, 
however, we did not separately investigate the 

Figure 4. Meta-analysis for NBN polymorphisms and acute leukemia risk in the allele comparison model. Each study 
was shown by a point estimate of the effect size (OR) (size inversely proportional to its variance) and its 95% confi-
dence interval (95% CI) (horizontal lines). The diamond denotes the pooled OR. 
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risk of ALL and AML associated with NBN poly-
morphisms because of data insufficiency. This 
constitutes the first weakness of this analysis. 
Furthermore, the lack of an association 
between rs2735383, rs709816 and acute leu-
kemia was unexpected. In principle, a study 
with a limited number is usually underpowered 
and thereby unlikely to detect the true associa-
tion. The third weakness refers to the indicated 
heterogeneity that may arise from differences 
in intervention, methodology, subject popula-
tion, and experimental design of the studies 
concerning rs1805794. The aforementioned 
points should be noted in order to better under-
stand the current findings.

In conclusion, we examined the association of 
three polymorphisms in the NBN gene with risk 
of acute leukemia and demonstrated a signifi-
cant increase in relation to rs1805794. 
Replication studies containing a large number 
of samples with different ethnic origins are war-
ranted to validate the genetic susceptibility 
conferred by NBN polymorphisms, and to facili-
tate a clearer understanding of the mecha-
nisms underlying acute leukemia. 
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