
Abstract. Background/Aim: Although genetic factors are
presumed to account only for a part of the inter-individual
variation in lung cancer susceptibility, the results are conflicting
and there are no data available regarding the Polish population.
We, therefore, performed a case-control study to investigate the
association of seven selected single nucleotide polymorphisms
(SNPs), in genes coding for excision repair cross-complimentary
group 1 (ERCC1: rs11615, rs3212986, rs2298881), nuclear
factor ĸB (NFKB2: rs7897947, rs12769316), bone
morphogenetic protein 4 (BMP4: rs1957860), complement
receptor 1 (CR1: rs7525160) and del/ins polymorphism in the
family hypoxia inducible factor 2 gene (EGLN2: rs10680577),
with non-small cell lung cancer (NSCLC) risk. Materials and
Methods: Real-time PCR with melting curve analysis was used
for genotyping of NSCLC patients and healthy individuals of
Polish origin. Results: The ERCC1 rs11615 T allele and
rs3212986 GG homozygosity were found to be associated with
a higher risk of developing NSCLC. In addition, NFKB2
rs12769316 GG homozygosity was more frequently detected
among male patients than controls, while no significant
differences were found between the five polymorphisms.
Conclusion: ERCC1 polymorphisms may affect NSCLC risk in
the Polish population, while the NFKB2 variant may be a
possible marker of the disease in males.

Lung cancer is the leading cause of cancer-related death
worldwide. In Poland, lung cancer is the leading cause of
cancer among men and the third most common malignancy

after breast and colon cancer among women (1). Non-small
cell lung cancer (NSCLC) accounts for the vast majority of all
lung cancer cases. Despite intensive progress in understanding,
prevention and treatment of NSCLC, the prognosis is still
poor. The 5-year survival rates for regional and metastatic
NSCLC are about 30% and 5%, respectively (2). Although
tobacco use and environmental factors are presumed to be the
prevalent risk factors contributing to lung cancer development,
susceptibility to NSCLC might be at least in part attributed to
interindividual genetic variability (3). 

Genetic alterations in DNA repair genes, such as XPF,
ERCC2, XRCC1, and hOGG1, are associated with an
increased risk of developing lung cancer and emphasize the
significance of the defective DNA-damage response in the
disease development (4, 5). Nucleotide excision repair
pathway (NER) plays a vital role in protecting the genome
against various endogenous and exogenous mutagens and is
considered to be the most versatile DNA repair pathway that
counteracts the widest range of DNA lesions and damages.
The excision repair cross-complimentary group 1 (ERCC1)
gene is one of the most crucial DNA repair genes and codes
for a subunit of the NER complex-ERCC1-XPF that acts as
a structure-specific endonuclease to catalyze the 5’ incision
of the DNA lesion (6). Due to the significance of ERCC1 as
an essential NER pathway protein, playing a critical role in
genomic stability maintenance, it is believed that inherited
functional polymorphisms in ERCC1 may contribute to the
attenuated capacity to repair DNA damage, and thus enhance
the susceptibility to cancer (7). 

Previous studies have investigated the association between
SNPs in the ERCC1 gene and increased risk of developing
several kinds of cancers in many different populations.
However, the results were inconclusive (8-11) and so far, no
report has been published regarding lung cancer-associated
ERCC1 variants in the Polish population. 

Inflammation, infection and chronic irritation are critical
events of cell transformation (12). Carcinogens and
inflammatory cytokines contributing substantially to cancer
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development are involved in the activation of common cell
survival signaling pathways. One of these cell survival
signalling pathways involve nuclear factor-kappaB (NF-ĸB),
which is involved in multiple steps in carcinogenesis and in
cancer cell resistance to chemo- and radiotherapy (13). NF-ĸB
is a transcription factor which is known to affect the expression
of more than 150 genes related to inflammation, lymphocyte
activation, cell proliferation, differentiation, and apoptosis, as
well as contributing to cell apoptosis and survival. Recently,
many studies with animal models and cell culture systems have
indicated the interplay between NF-ĸB and lung
carcinogenesis, which emphasizes the importance of targeting
the NF-ĸB signaling pathway for lung cancer treatment and
chemoprevention (14). To the best of our knowledge, there is
no report about the impact of polymorphisms within the NF-
ĸB gene on lung cancer risk in the Polish population.

Molecular epidemiological studies have shown that lung
cancer is associated with single nucleotide polymorphisms
(SNPs), therefore we selected eight polymorphisms
(including 7 SNPs) for which no data are available regarding
the Polish population. The following genes were analysed:
ERCC1 (5 SNPs), two in NFKB2 (2 SNPs), coding for bone
morphogenetic protein 4 (BMP4, one SNP), complement
receptor 1 (CR1, one SNP) and family hypoxia inducible
factor 2 (EGLN2, ins/del polymorphism). 

Materials and Methods
Study groups. In this study we evaluated eight polymorphisms, three
SNPs in the ERCC1 gene (rs11615 synonymous substitution C>T,
rs3212986 downstream variant G>T, rs2298881 intron variant
A>C), two SNPs in the NFKB2 gene (rs7897947 intron variant
T>G, rs12769316 upstream variant A>G), one in the BMP4
(rs1957860 intron variant C>T), one in the CR1 gene (rs7525160
upstream variant G>C) and an intronic del/ins polymorphism in the
EGLN2 gene (rs10680577, -/TACT/TTAC).

Eighty-four primary NSCLC patients (F/M=24/60) were
genotyped for the rs11615, rs3212986, rs1957860, rs7525160 SNPs
and 146 patients (F/M=48/98) for rs7897947, rs12769316,
rs10680577, rs2298881 polymorphisms. NSCLC patients were
recruited from the Chair and Department of Pulmonology and Lung
Cancer Wroclaw Medical University, Poland. All the patients were
newly diagnosed, without a history of prior radiotherapy and/or
chemotherapy and confirmed with histopathological examination.
The exclusion criteria included primary extra-pulmonary
malignancy, small cell lung cancer, a history of malignant disease,
withdrawal of consent and patient aged less than 18 years.

In addition, 234 healthy subjects that served as the control group
were recruited from the Regional Centre of Transfusion Medicine
and Blood Bank in Wroclaw. All participants signed an informed
consent before enrollment and Institutional Ethical committee
approval was obtained for the study. 

DNA extraction and genotyping. Genomic DNA was extracted from
EDTA-anticoagulated peripheral blood using innuPREP Blood DNA
Master Kit (Analityk Jena, Jena, Germany) according to the
manufacturer’s recommendations and stored at –20˚C until required. 

Genotyping was performed by the LightSNiP typing assay (TIB-
MolBiol, Berlin, Germany) on a LightCycler 480 Real-Time PCR
system (Roche Diagnostics, Rotkreuz, Switzerland) following
manufacturer’s instructions.

Statistical analysis. All statistical analyses, including the Hardy-
Weinberg equilibrium (HWE) test and the association of genotypes
and haplotypes with NSCLC development, were conducted using
GraphPad Prism (GraphPad Software, Inc. La Jolla, CA, USA) for
Windows. HWE and between-groups comparison of genotype
distribution were analysed using Pearson’s goodness-of-fit chi-
squared test. To assess the effect of each polymorphism on NSCLC,
risk odds ratios (OR) and corresponding 95% confidence intervals
(CI) were calculated. All p-values were calculated with two-sided
Fisher’s exact test and p<0.05 was considered to be statistically
significant.

Results and Discussion

Numerous data have shown that SNP variants could be
implicated in the development of various cancer types (15,
16). In this study, three out of eight selected polymorphisms
were found to affect the risk for the development of NSCLC
in our Polish patients. 

Frequencies of all polymorphisms were in accordance
with the Hardy-Weinberg equilibrium in both patient and
control groups (p>0.05). No linkage disequilibrium was
found between these loci. 

The ERCC1 rs11615 T allele (OR=3.40, p=0.018,
95%CI=1.104-11.68) and the rs3212986 GG homozygosity
(OR=1.905, p=0.021, 95%CI=1.093-3.334) were found to be
associated with predisposition to NSCLC (Figure 1). Moreover,
the NFKB2 rs12769316 GG homozygosity was more
frequently detected among male patients than controls
(p=0.035, Figure 2). No significant differences were found in
the allele and genotype distributions for the five other
polymorphisms. 

The same two SNPs within the ECCR1 gene, rs11615 and
rs3212986, were also investigated by Gao et al. in Chinese
patients. Their results showed that both gene polymorphisms
appeared to act as predictive factors for tumour response to
chemotherapy and clinical outcome of advanced NSCLC
(17). They observed that individuals carrying the rs11615
TT genotype and T allele or carriers of the rs3212986 AA
genotype and A allele, had a significantly lower response
rate to chemotherapy. Moreover, these genetic variants were
also significantly associated with increased risk of mortality
from NSCLC.

The NFKB2 rs12769316 was identified in our study as a
marker of NSCLC predisposition in males. The role of this
SNP has also been studied in haematological malignancies,
especially in bortezomib-based treatment of patients with
multiple myeloma (MM). Du et al. reported a superior
overall survival for patients with the NFKB2 rs12769316
GA+AA genotype. However, they did not observe any
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association of the NFKB2 rs12769316 variants with MM
susceptibility (18). Very recently, this SNP was found to be
significantly associated with NSCLC risk and overall
survival in Greek patients (19).

The limitations of our study need to be addressed. This
study was a single-centre cohort investigation of a relatively
small scale. To the best of our knowledge, the
polymorphisms studied have not been previously explored
in the Polish population. In conclusion, the results of our
study involving Polish patients with NSCLC indicate that
the ERCC1 rs11615 and rs3212986 polymorphisms may act
as genetic markers associated with predisposition to the
disease, while the NFĸB2 rs12769316 SNP can affect
disease development in males.
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