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Abstract. The NBN gene, also known as NBS1, is 
located on the chromosome band  8q21.3, and encodes a 
754‑amino acid‑long protein named nibrin. This protein is 
a member of the MRE1‑RAD50‑NBN nuclear complex, and 
is involved in numerous cell processes essential for main-
taining genomic stability. Heterozygous variants in the NBN 
gene, including p.I171V, c.657del5 and p.R215W, have been 
described as risk factors for the development of several malig-
nancies. However, there is no report regarding the association 
of these mutations with lung cancer thus far. Therefore, the 
present study aimed to evaluate whether there is an asso-
ciation between the heterozygous p.I171V, c.657del5 and 
p.R215W variants of the NBN gene and the risk of developing 
lung cancer. The frequency of these variants was estimated 
in a group of 453  adults diagnosed with non‑small cell 
lung cancer (NSCLC) and in healthy controls (2,400 for p.
I171V, 2,090  for  c.657del5 and 498  for  p.R215W). The 
p.I171V variant was assessed by restriction fragment length 
polymorphism analysis of polymerase chain reaction (PCR) 
products, using MunI (MfeI) restriction enzyme, whereas the 
c.657del5 and p.R215W variants were assessed by the PCR 
single‑strand conformation polymorphism method. A signifi-
cantly increased risk of developing lung cancer was observed 

for the p.I171V variant, which was present in 17 (3.75%) of the 
453 cases of lung cancer and in 12 (0.5%) of the 2,400 healthy 
individuals (odds ratio, 7.759; P<0.0001). The results obtained 
indicated an association between the p.I171V mutation and 
the development of lung cancer. Therefore, this variant may 
be considered a risk factor for NSCLC. Prospective studies 
with larger groups of patients may reveal the potential impact 
of the p.I171V variant in the occurrence of lung cancer.

Introduction

The NBN gene, also known as NBS1, is located on the chro-
mosome band 8q21.3, and encodes a 754‑amino acids‑long 
protein termed nibrin (1). This protein is a member of the 
MRE1‑RAD50‑NBN (MRN) nuclear complex, and is 
involved in numerous cell processes that are essential for 
maintaining genomic stability, including the detection and 
reparation of DNA double‑strand breaks (DSBs), cell cycle 
checkpoint control, meiosis and induction of apoptosis (2‑4). 
Therefore, any mutations disrupting its functionality may lead 
to genomic instability and promote tumorigenesis. Homozy-
gous mutations in the NBN gene, resulting in the production 
of an abnormally short version of the nibrin protein, lead to 
Nijmegen breakage syndrome (NBS) and increased suscep-
tibility to tumorigenesis (5‑7). Heterozygous variants in this 
gene, including p.I171V (c.551A>G), c.657delACAAA and 
p.R215W (c.643C>T), have been described as risk factors for 
several malignancies, including leukemia, melanoma, breast, 
ovarian, prostate, larynx and colorectal cancer  (8‑12). To 
the best of our knowledge, there is no report regarding the 
association of the aforementioned mutations with lung cancer. 
Therefore, the present study aimed to evaluate whether there 
is an association between the heterozygous p.I171V, c.657del5 
and p.R215W variants of the NBN gene and the risk of devel-
oping lung cancer.

Materials and methods

The frequency of constitutional mutations in the fifth and 
sixth exons of the NBN gene was estimated in a group of 
453  adults (139  females and 314  males) diagnosed with 
lung cancer, and in healthy controls (2,400  for  p.I171V, 
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2,090 for c.657del5 and 498 for p.R215W). The cohort of 
453 cases of lung cancer were recruited in the Department 
of Thoracic Surgery of the University of Medical Sciences 
in Poznań (Poznań, Poland). All the subjects enrolled in the 
study were of Caucasian ancestry from the Wielkopolska 
region of Poland. The majority of the cases were males 
(69%), with a median age of 63.5 years. The diagnosis of 
non‑small cell lung cancer (NSCLC) was confirmed by 
histopathological examination. Anonymous blood samples, 
collected on Guthrie cards (Whatman 903®; Whatman 
Inc., Dassel, Germany) drawn from the newborn screening 
program of the Wielkopolska region, were used as controls. 
The results for the control samples were obtained in previous 
studies (10,13,14). All the patients signed an informed consent 
form approved by the Ethics Committee of the University of 
Medical Sciences in Poznań (approval no. 802/10).

DNA was extracted from blood using the columns 
provided in the QIAamp DNA Blood Mini Kit (Qiagen 
GmbH, Hilden, Germany), according to the manufacturer's 
instructions, and from Guthrie cards, as described previ-
ously  (13,15). The mutation in the fifth exon of the NBN 
gene (p.I171V) was assessed by restriction fragment length 
polymorphism (RFLP) analysis of polymerase chain reac-
tion (PCR) products, using MunI (MfeI) restriction enzyme 
(Fermentas, Thermo Fisher Scientific, Inc., Pittsburgh, PA, 
USA). PCR reactions were performed in a total volume of 
25 µl containing 2.5 µl of 10X PCR buffer with 15 mM 
MgCl2 (Sigma‑Aldrich, St. Louis, MO, USA), 6 pM of each 
primer, 2 mM of each deoxynucleotide triphospahate (dNTP; 
Sigma‑Aldrich, Steinheim, Germany), 1.5 units of Taq DNA 
polymerase (Sigma‑Aldrich, St. Louis, MO, USA) and 1.5 µl 
of DNA template. Amplification conditions involved initial 

denaturation for 5 min at 95˚C, followed by 35 cycles of 25 sec 
at 95˚C, 35 sec at 54˚C and 55 sec at 72˚C, with a 10‑min 
final extension at 72˚C. Next, 10 µl of the PCR products were 
digested for 3 h at 37˚C, and analyzed by electrophoresis 
on a 2% agarose gel, in the presence of ethidium bromide. 
The endonuclease MunI recognizes and cleaves the sequence 
CA*ATTG, which occurs only once in each of the analyzed 
fragments. The mutations in the sixth  exon of the NBN 
gene (c.657del5 and p.R215W) were assessed by the PCR 
single‑strand conformation polymorphism (SSCP) method. 
PCR reactions were performed in a total volume of 25 µl 
containing 2.5 µl of 10X PCR buffer with 15 mM MgCl2, 
6 pM of each primer, 2 mM of each dNTP, 1.5 units of Taq 
DNA polymerase and 1.5 µl of DNA template. Amplification 
conditions involved initial denaturation for 3 min at 95˚C, 
followed by 5 cycles of 25 sec at 95˚C, 25 sec at 50˚C and 
55 sec at 72˚C; then 30 cycles of 25 sec at 94˚C, 35 sec at 48˚C, 
45 sec at 72˚C, with a 6‑min final extension at 72˚C. Next, 
4 µl of the PCR products were mixed with 9 µl of the loading 
buffer, and denatured for 5 min at 95˚C, cooled and sepa-
rated on 7% non‑denaturing polyacrylamide gel for 40 h 4˚C. 
Those samples exhibiting positive results were subsequently 
sequenced using the Sanger method. The conditions of PCR 
before sequencing were the same as those before RFLP 
analysis for p.I171V and SSCP analysis for c.657-661del and 
p.R214W. PCR products were cleaned up using NucleoSpin® 
Gel and PCR Clean-up kit (Macherey-Nagel, Inc., Düren, 
Germany) according to the manufacturer's protocol. The 
sequencing reaction protocol included 45 cycles of 10 sec at 
94˚C, 5 sec at 52˚C and 3 min at 60˚C. The sequences of all 
the primers used for PCR analysis in the present study are 
provided in Table I. 

Table I. Characteristics of the primers used for PCR.

Variant	 Exon	 Primer sequence	 Product size (bp)	 Tb (˚C)

p.I171V		  F: 5'‑TTATGGATGTAAACAGCCTC‑3'
c.511A>G	 5	 R: 5'‑TACCGAACTATAACACAGCA‑3'	 328	 54
c.657‑661del		  F: 5'‑CAGATAGTCACTCGGTTTACAA‑3'
c.657_651delACAAA	 6	 R: 5'‑TTCTTTAGGAAAATTTAGCT‑3'	 228	 50
p.R215W		  F: 5'‑CAGATAGTCACTCGGTTTACAA‑3'
c.643C>T	 6	 R: 5'‑ACAACTACTGATAAGAGTTA‑3'	 273	 50

PCR, polymerase chain reaction; F, forward; R, reverse; bp, base pairs; Tb, binding temperature.
 

Table II. Frequency of the NBN variants and results of the logistic regression analysis performed in patients diagnosed with lung 
cancer versus healthy controls.

Variant	 Patients with lung cancer (%)	 Healthy controls (%)	 OR (95% CI)	 P‑value

p.I171V	 17/453 (3.75) 	 12/2,400 (0.50)	 7.759 (3.679‑16.360)	 <0.0001a

c.657‑661del	 3/453 (0.66)	 21/2,090 (1.00) 	 0.657 (0.195‑2.212)	 0.728
p.R215W	 0/453 (0.00)	 1/498 (0.20)	 0.366 (0.015‑9.006)	 1.000
 
NBN, nibrin; OR, odds ratio; CI, confidence interval. aStatistically significant difference.
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Statistical analysis. The allele frequencies among the groups 
were compared using the χ2 and Fisher's exact tests, using 
GraphPad software version 5.03 (GraphPad Software Inc., 
La Jolla, CA, USA). The odds ratios (ORs) for the relative 
risk conferred by a particular variant were estimated with 
95% confidence intervals (CI). P<0.05 was considered to indi-
cate a statistically significant difference.

Results

The p.I171V variant in the fifth exon and the c.657del5 and 
p.R215W variants in the sixth exon of the NBN gene were 
analyzed in adult patients diagnosed with lung cancer (N=453) 
and in healthy controls (N=2,400 for p.I171V, N=2,090 for 
c.657del5 and N=498 for p.R215W).

The p.I171V (c.551A>G) variant was identified in 17 of 
the 453 cases of lung cancer and in 12 of the 2,400 healthy 
individuals  (Table  II  and  Fig.  1). These results indicate 
a significantly higher incidence of the p.I171V variant in 
patients with lung cancer, compared to healthy controls 
(OR=7.759, P<0.0001). Of the 17 patients with cancer exhib-
iting this variant, 2 were females (2/139) and 15 were males 
(15/314). The heterozygous c.657del5 mutation was identified 
in 3 of the 453 patients with lung cancer (OR=0.657, P=0.728) 
and in 5 of the 2,090 controls (Table  II and Fig. 1). The 
p.R215W (c.634C>T) mutation was identified in 1 case from 
the control group, and was absent in the group of patients 
with lung cancer (Table II). The results of the RFLP, SSCP 
and sequencing analyses conducted on the relevant samples 
are presented in Fig. 2.

Discussion

Previous studies have reported an association between hetero-
zygous variants in the NBN gene and susceptibility to certain 
malignancies (16), including acute lymphoblastic leukemia 
(ALL), melanoma, breast, ovarian, prostate, colorectal and 

larynx cancer (8‑12). The present study aimed to investigate 
whether variants in the NBN gene are associated with elevated 
risk of lung cancer incidence in adults.

The p.I171V variant in the fifth exon and the c.657del5 
and p.R215W variants in the sixth exon of the NBN gene were 
analyzed in 453 adult patients diagnosed with lung cancer, and 
in healthy controls (2,400, 2,090 and 498 for p.I171V, c.657del5 
and p.R215W, respectively).

A significantly increased risk of developing lung cancer 
was observed for the p.I171V (c.551A>G) variant, which 
was present in 17 of the 453 cases of lung cancer and in 
12 of the 2,400 healthy individuals. These results indicate 
a higher incidence of the p.I171V variant in patients with 
lung cancer (OR=7.759, P<0.0001), and suggest that p.I171V 
may be a risk allele for lung cancer. Of the 17 patients with 
cancer who exhibited this variant, 2 were females (2/139) 
and 15 were males (15/314). The pathogenicity of the p.I171V 
variant is presumably associated with its location in the 
highly conserved breast cancer 1 (BRCA1) carboxy‑terminal 
(BRCT) domain of the NBN  gene. This BRCT domain, 
together with the forkhead‑associated domain, participates 
in the translocation of the MRN complex to the sites of 
DSBs  (17). Cerosaletti and Concannon  (18) demonstrated 
that mutations in these domains result in disorders in the 
formation of nuclear clusters and phosphorylation of nibrin 
following irradiation. The occurrence of the p.I171V variant 
in the NBN gene has been previously linked with elevated risk 
of several types of cancer. A significantly higher frequency 
of the p.I171V variant was observed in ALL, breast, larynx 
and colorectal cancer, and in multiple primary tumors of the 
head and neck (9,13,15). However, such an association was not 
observed for solid malignancies in children (11). By contrast, 
Ciara et al (19) reported an association between this variant 
and childhood medulloblastoma. Nonetheless, the in vitro 
studies conducted on cells derived from heterozygous carriers 
of the p.I171V variant have demonstrated that, per se, this 
variant does not play a crucial role in tumorigenesis (20).

Figure 1. Allele frequency and results of logistic regression analysis corresponding to the p.I171V, c.657del5 and p.R215W variants of the NBN gene in the 
group of patients with lung cancer (N=453) vs. controls (p.I171V, N=2,400; c.6578del5, N=2,090; p.R215W, N=498). P<0.05 was considered to indicate a 
statistically significant difference. OR, odds ratio; NBN, nibrin; *P<0.0001 vs control.
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In the present study, the occurrence of the c.657del5 muta-
tion in the sixth exon of the NBN gene was also analyzed. 
The heterozygous variant of this mutation was identified in 
3 of 453 patients with lung cancer and in 5 of 2,090 controls. 
The occurrence of the c.657del5 variant, known as the Slavic 
mutation, results in the production of two truncated fragments 
of the nibrin protein (20). Thus, homozygous c.657del5 has a 
deleterious impact on nibrin function and leads to NBS, while 
the heterozygous variant has been associated with suscepti-
bility to tumorigenesis (21). A higher frequency of occurrence 

of the heterozygous c.657del5 mutation has been observed in 
patients with melanoma and non‑Hodgkin lymphoma (22). 
However, other studies have reported that c.657del5 did not 
occur more frequently in breast  (9,22), colorectal  (22) and 
larynx cancer (13), which suggests that this variant is not a risk 
factor for these malignancies. Similarly, in the present study, 
no association between the occurrence of the c.657del5 muta-
tion and the risk of developing lung cancer was observed.

The p.R215W (c.634C>T) mutation of the NBN gene was 
identified in 1 case from the control group, and it was absent 

  A

  C

  B

Figure 2. (A) Sequencing results and RFLP analysis (using MunI restriction enzyme) corresponding to the p. I171V variant. Sequencing and SSCP 
analysis of  the variants (B) c.657del5 and (C) p.R215W. The variants are indicated by an arrow. RFLP, restriction fragment length polymorphism; SSCP, 
single‑strand conformation polymorphism; S, sample; p.R215W, reference sequence for heterozygous p.R215W substitution; c.657del5 het, reference 
sequence for heterozygous c.657del5 mutation; c.657del5 hom, reference sequence for homozygous c.657del5 mutation.
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in the group of patients with lung cancer. This mutation 
was described for the first time in patients diagnosed with 
ALL (23). Previous studies conducted on a Caucasian popu-
lation demonstrated that p.R215W carriers have an increased 
risk of non‑Hodgkin lymphoma, colorectal, breast and pros-
tate cancer (22,24,25). However, the results of the present 
study did not indicate that carriers of the p.R215W mutation 
have an elevated risk of developing lung cancer.

In summary, in the present study, a significantly higher 
frequency of the p.I171V  variant in the fifth  exon of the 
NBN gene was observed in patients diagnosed with NSCLC. 
The results obtained indicate an association between the  
occurrence of the p.I171V mutation and the development of 
lung cancer. Therefore, this variant may be considered as a risk 
factor for lung cancer. Prospective studies on a larger group of 
patients may reveal the potential impact of the p.I171V variant 
on the development of lung cancer.
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