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The c.657del5 variant in the NBN gene predisposes to pancreatic cancer
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Pancreatic ductal adenocarcinoma (PDAC) is the sixth most frequent cancer type in the Czech Republic with a
poor prognosis that could be improved by an early detection and subsequent surgical treatment combined
with chemotherapy. Genetic factors play an important role in PDAC risk. We previously identified one PDAC
patient harboring the Slavic founder deleterious mutation c.657del5 in the NBN gene, using a panel next-
generation sequencing (NGS). A subsequent analysis of 241 unselected PDAC patients revealed other mutation
carriers. The overall frequency of c.657del5 in unselected PDAC patients (5/241; 2.07%) significantly differed
from that in non-cancer controls (2/915; 0.2%; P = 0.006). The result indicates that the NBN c.657del5 variant
represents a novel PDAC-susceptibility allele increasing PDAC risk (OR= 9.7; 95% CI: 1.9 to 50.2). The increased
risk of PDAC in follow-up recommendations for NBNmutation carriers should be considered if other studies also
confirm an increased frequency of c.657del5 carriers in PDAC patients from other populations.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the sixthmost frequent
cancer type (with an incidence of 19.6/100,000 persons in 2013) and
the fifth most frequent cause of cancer death in the Czech Republic
(www.svod.cz). The prognosis of PDAC is poor with a 5-year survival
of 7% and a median survival of 6 months (Siegel et al., 2015). Early
detection and subsequent surgical treatment combined with chemo-
therapy can improve the 5-year survival up to 40% (Nakao et al.,
2006). While population screening is not rational due to the low PDAC
incidence, the identification of high-risk individuals, who may benefit
from the available screening methods, is desirable.

A genetic predisposition is themajor endogenous risk factor of PDAC
development, together with chronic pancreatitis and diabetes mellitus

(Becker et al., 2014). It has been estimated that 5–10% of PDAC patients
have a positive family PDAC history. The genetic basis of most familial
PDAC cases has not been explained yet; however, several PDAC-
susceptibility genes have been identified, including genes (BRCA1,
BRCA2, PALB2,MLH1,MSH2,MSH6, PMS2, STK11, APC, CDKN2A) associat-
ed with hereditary cancer syndromes (reviewed in (Becker et al.,
2014)). The protein products of numerous PDAC-susceptibility genes
are directly involved in DNA repair and the DNA damage response.
The most prevalent mutations have been identified in BRCA2 (up to 6%
of patients and increasing PDAC risk 3.5-fold (Couch et al., 2007)) and
PALB2 (3% of patients (Jones et al., 2009)). Their protein products
share a common functional role in the DNA double-strand break
(DDSB) repair. The NBN gene encodes nibrin, a protein participating in
the formation of the multiprotein MRN (MRE11-RAD50-NBN) complex,
an inevitable sensor of DNA damage in the DDSB repair (Carney et al.,
1998). Biallelic NBN mutations predispose to the autosomal recessive
Nijmegen-breakage syndrome (NBS) characterized by chromosomal
instability and an increased risk of lymphoid malignancies and other
cancers (Varon et al., 1998). Heterozygous NBN mutations predispose
to breast cancer (BC) (Gorski et al., 2003), non-Hodgkin lymphoma
(Steffen et al., 2006), and prostate cancer (Cybulski et al., 2013);
however, their role in PDAC predisposition has not been studied yet.
The most frequent pathogenic mutation in NBS patients and NBN-
associated cancers is the recurrent Slavic founder mutation c.657del5
(c.657_661delACAAA) (Varon et al., 2000).

The next-generation sequencing (NGS) technology introduced
analyses of large gene collections into genetic analyses in patients
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with cancer susceptibility. Among others, NBN is routinely analyzed
in many cancer gene sequencing panels. Recently, we have performed
a study of germline variants influencing the breast cancer susceptibility
in high-risk breast cancer patients using the custom panel NGS (Lhota
et al., 2016). We subsequently used the identical approach for the
analysis of pancreatic cancer predisposition in a PDAC patient from
multiple cancer family. We identified the c.657del5 germline mutation
in the NBN gene in this patient. Therefore, we aimed to determine the
frequency of c.657del5 in unselected Czech PDAC patients.

2. Materials and methods

2.1. Panel NGS analysis in a patientwith pancreatic ductal adenocarcinoma

In order to identify possible germline pathogenic variant in PDAC-
susceptibility genes, we performed custom panel NGS targeting 581
genes in a PDAC patient from multiple cancer family (Fig. 1). The NGS
and bioinformatics analysis was performed as described previously
(Lhota et al., 2016) and revealed germline c.657del5 NBN variant. The
mutation was confirmed by Sanger sequencing from independent PCR
amplified blood DNA sample. The presence of the c.657del5NBN variant
in deceased proband's sister with gastric cancer (Fig. 1) was analyzed in
DNA isolated from FFPE tumor tissue using the Cobas DNA Sample
Preparation Kit (Roche).

2.2. Patients with pancreatic ductal adenocarcinoma

We genotyped c.657del5 NBN variant in blood-isolated DNA
samples from 241 unselected, histopathologically-verified PDAC
patients, which included 152 samples from the National Institute of
Public Health [median age at diagnosis: 63 years (ranged 40–82); 59
females] and 89 samples from the Department of Oncology, General
University Hospital in Prague [median age at diagnosis: 64 years
(ranged 38–84); 49 females]. Information about family history of
cancer in c.657del5 carriers was gathered from medical records when
available.

The control group included 915 non-cancer individuals and it had
been described and genotyped previously. All patients and controls

were of Slavic descent and of Czech origin. The study was approved by
the local Ethical Committees and a written informed consent was
obtained from all participants.

2.3. The NBN c.657del5 genotyping

The exon 6 of the NBN gene was analyzed by a high resolution
melting (HRM; LightCycler 480; Roche) using HOT FirePol EvaGreen
HRM Mix (Solis BioDyne). The primer sequences had been described
previously (Mateju et al., 2012). The presence of c.657del5 was
confirmed by sequencing.

2.4. Statistical analysis

The difference between groupswas calculated using the Fisher exact
test (FET).

3. Results

We analyzed a PDAC patient (diagnosed at 64 years) from
multiple-cancer family and identified the c.657del5 NBN mutation
using the panel NGS (Fig. 1). Except to this germline mutation,
we found no other truncating variants in other known PDAC-
susceptibility genes (BRCA1, BRCA2, PALB2, MLH1, MSH2, MSH6,
PMS2, STK11, APC, CDKN2A). The presence of c.657del5 mutation
was confirmed also in the proband's sister deceased from gastric
cancer (Fig. 1).

In the subsequent analysis, we genotyped c.657del5 in other 241
unselected PDAC patients and found five mutation carriers among
them (2.07%). Thus, the frequency of c.657del5 among PDAC patients
was significantly higher than that in previously analyzed controls (2/
915), suggesting that the carriers of c.657del5 have an increased risk
of PDAC development (OR = 9.7; 95%CI: 1.9–50.2; PFET = 0.006). A
PDAC family history was documented in none of the five c.657del5
carriers from 241 unselected PDAC patients; however, one patient
had family cancer history (a sister with gastric cancer), and another
female patient suffered from a duplicity of BC (at 46 years) and PDAC

Fig. 1. Pedigree (A) of themultiple cancer family showing the proband with PDAC (indicated by an arrow) and her sister, both carrying c.657del5. DNA samples from other relatives were
not available for genotyping. The ages of cancer diagnoses (dg.) or cessation (†) are indicated in the pedigree. The deletion of five nucleotides (TTTGT from reverse strand) is highlighted
by a red frame in NGS analysis (B), confirmed by Sanger sequencing (C).
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