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Abstract: This study aimed to clarify the influence of a common insertion/deletion polymorphism (-94ins/del ATTG,
rs28362491) in the Nuclear factor-kB1 (NFKB1) promoter on non-small cell lung cancer (NSCLC) susceptibility. We
genotyped the NFKB1 -94ins/del ATTG polymorphism by the polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method and assessed the association with NSCLC risk, clinicopathological parameters
in a case-control study of 421 cases and 425 controls. Heterozygous (ID) genotype disclosed a statistically signifi-
cantly increased risk of developing NSCLC (OR = 1.57, 95% Cl 1.13-2.19, P = 0.007). Homozygous (ll) genotype also
showed an increased risk of NSCLC (OR = 1.87, 95% Cl 1.27-2.75, P = 0.001). Statistically significant difference was
observed when the patients and controls were compared according to ID + Il versus DD (OR = 2.01, 95% Cl 1.47-
2.76, P<0.001). The | allele was significantly higher in the NSCLC cases compared to the controls (52.9% versus
45.1%). The | allele was significantly associated with NSCLC risk (OR = 1.37, 95% ClI 1.12-1.65, P = 0.001). There
was a significantly higher frequency of ID + |l genotypes observed in smokers, compared to non-smokers (OR = 1.99,
95% Cl 1.22-3.24, P = 0.005) and in patients with stage Ill + IV, compared to stage | + Il (OR = 2.16, 95% Cl 1.34-
3.49, P=0.002). This study suggested that NFKB1 -94ins/del ATTG polymorphism was significantly associated with

NSCLC risk in Chinese Han population.
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Introduction

Lung cancer is the most common cause of can-
cer death, with more than 226,000 new cases
in the United States in 2012, and the majority
of lung cancer cases are non-small cell lung
cancer (NSCLC), which accounts for approxi-
mately 80% of lung cancer [1]. Despite the
enormous improvements made in chemothera-
py and radiotherapy over the past few decades,
the outlook for patients with NSCLC was dis-
mal, with only slightly more than 15% of patients
alive 5 years after diagnosis [2]. Thus, it is
urgent to find new prognostic markers and ther-
apeutic strategies to improve treatment of
NSCLC.

Nuclear factor-kB (NF-kB) was initially identified
in 1986 as a transcription factor which binds to

a 10 bp DNA element in kappa immunoglobulin
light-chain enhancer in B cells [3]. The NF-kB
family consists of p50 (NF-kB1), p52 (NF-kB2),
p65 (RelA), c-Rel (Rel), and RelB. The major
form of NF-kB is a heterodimer of the p50 and
p65/RelA subunits which are encoded by the
NFKB1 and NFKB2 genes, respectively [4].

The human NFKB1 gene is mapped to chromo-
some 4924 and encodes a 50 kDa DNA-binding
protein (p50) that can act as a master regulator
of inflammation and cancer development [5]. A
common insertion (ins)/deletion (del) (-94ins/
del ATTG, rs28362491) polymorphism of NF-
KB1 gene promoter exerts functional effects on
the transcription of the NFKB1 [6]. Since the 4
bp ins/del polymorphism produces a relatively
large sequence change and its location is proxi-
mal to binding sites that are important to pro-
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Table 1. Characteristics of the cases and controls

free controls between 2011 and

2014 from China-Japan Union

Characteristics Case (%) Control (%) P value ) - ) . )
Hospital of Jilin University, Chi-

Gender . .
Male 216 (51.3%) 207 (48.7%) 0.45 na. All subjects were ethnically
a : 0° : 0° : homogeneous Chinese Han
Female 205 (48.7%) 218 (51.3%) population and from the city of
Age (years) Jilin and its surrounding region.
<60 210 (49.9%) 230 (54.1%)  0.22 All patients underwent a series
> 60 211 (50.1%) 195 (45.9%) of examinations of pathologic
Smoking status stages by board-certified path-
No 224 (53.2%) 231(54.3%)  0.74 ologists. Tumor types and stag-
Yes 197 (46.8%) 194 (45.7%) es were determined acc'ordllng
. to the World Health Organization

Histology

Squamous cell carcinoma
Adenocarcinoma

267 (63.4%)
154 (36.6%)

TNM stage
[+1 139 (33.0%)
I+ 1v 282 (67.0%)
HWE 0.369

classification. The controls were
randomly selected from healthy
individuals who underwent rou-
tine physical examination in the
same area during the same
time period as the case study.
Controls had no individual his-

TNM, tumour-node-metastasis staging system; HWE, Hardy-Weinberg equilibrium.

Table 2. Genotype and allele frequencies of NFKB1 -94ins/del

ATTG polymorphism in cases and controls

tory of cancer. Information on
individuals was gathered from
both cases and controls. The
study protocol was approved by
the Institutional Review Boards

Genotype/allele Case (%) Control (%)

OR (95% CI) P value

of the hospital.

DD 89 (21.2%) 131 (30.8%) 1 (Reference) Genotyping and quality control
ID 219 (52.0%) 205 (48.2%) 1.57 (1.13-2.19) 0.007

I 113 (26.8%) 89 (20.9%) 1.87 (1.27-2.75) 0.001 The blood samples were collect-
I+ 1D 332 (78.8%) 243 (69.1%) 2.01(1.47-2.76) <0.001  ed from each enrolled subjects.
D 397 (47.1%) 467 (54.9%) 1 (Reference) The genomic DNA was extracted
I 445 (52.9%) 383 (45.1%) 1.37 (1.12-1.65) 0.001 from peripheral venous blood

DD, del/del; DI, ins/del; Il, ins/ins.

moter regulation, the ATTG deletion (D) allele
displays significantly reduced promoter activity
and itis also involved in lower levels of p50 pro-
tein. Thus, this polymorphism seems to be rela-
tive to several diseases such as colorectal can-
cer, and rheumatoid arthritis [7, 8]. However,
the role of NFKB1 -94ins/del ATTG polymor-
phism in NSCLC has not been determined.
Thus, in this study, we aimed to analyze NFKB1
-94ins/del ATTG polymorphism for association
with the risk of NSCLC in a Chinese Han
population.

Methods
Study subjects

A hospital-based case-control study was con-
ducted in 421 NSCLC patients and 425 cancer-
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using the Axygen DNA isolation
kit (Axygen, USA). DNA frag-
ments containing the polymor-
phism were amplified with the forward primer
5-TGG GCA CAA GTC GTT TAT GA-3’ and 5-CTG
GAG CCG GTA GGG AAG-3'. The PCR reaction
was carried out in a 20 ml reaction mixture con-
taining 1 x Phusion High-Fidelity PCR Master
Mix (Thermo Scientific, Finland) and 0.25 mM
of each primer. The PCR cycle consisted of an
initial denaturation step at 98°C for 30 s, fol-
lowed by 35 cycles of denaturation (98°C for 5
s), annealing (65°C for 5 s) and extension (72°C
for 5 s), and a final extension at 72°C for 5 min.
The 281 bp (deletion allele) or 285 bp (inser-
tion allele) products generated were then
digested using PfIMI (Van91l) restriction
enzyme (Thermo Scientific, Finland). The wild
type (deletion) genotype did not contain PfIMI
(Van91l) restriction site, hence the PCR prod-
uct of 281 bp remained undigested. The inser-
tion variants were cleaved by PfIMI (Van91l)
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Table 3. Association of NFKB1 -94ins/del ATTG polymorphism with clinicopathological characteristics

in NSCLC patients

Characteristics Case (%) Il +1ID (%) DD (%) OR (95% CI) P value
Gender

Male 216 (51.3%) 168 (50.6%) 48 (52.8%) 1 (Reference)

Female 205 (48.7%) 164 (49.4%) 41 (47.2%) 1.09 (0.68-1.74) 0.71
Age (years)

<60 210 (49.9%) 159 (48.0%) 41 (47.2%) 1 (Reference)

> 66 211 (50.1%) 173 (52.0%) 48 (52.8%) 0.97 (0.61-1.55) 0.90
Smoking status

No 224 (53.2%) 165 (49.7%) 59 (66.3%) 1 (Reference)

Yes 197 (46.8%) 167 (50.3%) 30 (33.7%) 1.99 (1.22-3.24) 0.005
Histology

Squamous cell carcinoma
Adenocarcinoma

TNM stage
I+ 139 (33.0%)
I+ 1v 282 (67.0%)

267 (63.4%)
154 (36.6%)

216 (65.1%)
116 (34.9%)

97 (29.2%)
235 (70.8%)

51 (57.3%) 1 (Reference)
38 (42.7%) 0.72 (0.45-1.16) 0.18

42 (47.2%)
47 (52.8%)

1 (Reference)
2.16 (1.34-3.49) 0.002

TNM, tumour-node-metastasis staging system.

restriction enzyme into two fragments of 240
bp and 45 bp. Heterozygotes showed all three
bands. Ten percent of the samples were sub-
jected to randomly repeat blind assays and all
results were consistent.

Statistical analysis

All statistical analyses were performed by the
Statistical Package for Social Sciences for
Windows software (Windows version release
18.0; SPSS, Inc., Chicago, IL, USA). The fre-
quencies of allele and genotype in cases and
controls were calculated by gene counting
method. Differences between cases and con-
trols in demographic characteristics and fre-
quencies of genotypes were evaluated by using
chi-square (x?) test. Hardy-Weinberg equilibri-
um (HWE) was also tested by a chi-square (x?)
test. Differences were considered significant
when P < 0.05.

Results

The cohort of 421 NSCLC patients contained
slightly more men (51.3%) than women (48.7%),
whereas the 425 control individuals consisted
of 48.7% men and 51.3% women. Between
case and control, the age, gender, and smoking
habits were well balanced (Table 1). The distri-
bution of NFKB1 -94ins/del ATTG polymor-
phism frequencies was also in HWE (P = 0.369
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and P = 0.595), indicating that the frequencies
fell into the expected equilibrium and were thus
randomly distributed. In NSCLC cases, adeno-
carcinoma represented 36.6%, and squamous
cell carcinoma represented 63.4% (stage | + I
33.0% and stage Ill + IV 67.0%).

The genotype and allele frequencies of NFKB1
-94ins/del ATTG polymorphism were shown in
Table 2. The frequencies of DD, ID and Il geno-
types in the patients were 21.2%, 52.0%, and
26.8% and were 30.8%, 48.2%, and 20.9% in
the controls, respectively. Heterozygous (ID)
genotype disclosed a statistically significantly
increased risk of developing NSCLC (OR = 1.57,
95% CI 1.13-2.19, P = 0.007). Homozygous (Il)
genotype also showed an increased risk of
NSCLC (OR = 1.87, 95% CI 1.27-2.75, P =
0.001). Statistically significant difference was
observed when the patients and controls were
compared according to ID + Il versus DD (OR =
2.01, 95% ClI 1.47-2.76, P < 0.001). The | allele
was significantly higher in the NSCLC cases
compared to the controls (52.9% versus
45.1%). The | allele was significantly associated
with NSCLC risk (OR = 1.37, 95% Cl 1.12-1.65,
P =0.001).

In order to determine the association between
the polymorphism of NFKB1 -94ins/del ATTG
polymorphism and certain clinicopathological
features, we conducted stratified analyses for
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combined genotypes with the DD genotype ver-
sus the ID + Il genotypes in NSCLC patients
according to gender, age at admission, smoking
status, histology, and TNM stage. There was a
significantly higher frequency of ID + Il geno-
types observed in smokers, compared to non-
smokers (OR = 1.99, 95% Cl 1.22-3.24, P =
0.005) and in patients with stage Il + IV, com-
pared to stage | + Il (OR = 2.16, 95% CI 1.34-
3.49, P =0.002) (Table 3). There was no statis-
tically significant associations of NFKB1-94ins/
del ATTG polymorphism with gender, age, and
histology (Table 3).

Discussion

In this case-control study, we analyzed NFKB1
-94ins/del ATTG polymorphism for NSCLC sus-
ceptibility in a Chinese Han population. Our
results suggested that NFKB1 -94ins/del ATTG
polymorphism was significantly associated with
the risk of NSCLC, suggesting that NFKB1
-94ins/del ATTG polymorphism might be
involved in pathogenesis of NSCLC in the
Chinese Han population. We demonstrated
that Il, ID, and the combined | variant genotype
(Il + ID) within the NFKB1 were associated with
an increased risk of NSCLC. Patients carrying
those genotypes had a higher risk for NSCLC
than those carrying the other genotypes.
However, further studies are warranted to eluci-
date how these genotypes contribute to NSCLC.
Furthermore, we also found that this polymor-
phism was significantly associated with adv-
anced NSCLC risk and smokers with NSCLC.

As a subunit of the NF-kB complex, p50 is
encoded by the NFKB1 gene [4]. The over-
expression of p50 (NF-kB1) was observed in
various malignancies [9, 10], including non-
small cell lung carcinoma, colon cancer, pros-
tate cancer, breast cancer, bone cancer, and
brain cancer. Considering that p50 over-expres-
sion is frequently observed in various tumor tis-
sues, p50 is potentially involved in tumorigen-
esis. The probable mechanism behind the
observed association may be linked to the
expression and activity of p50 (NF-kB1), which
regulates important cellular events such as
apoptosis and cell death independent of the
NF-kB complex [11]. Using a reporter assay, a
previous study found that the -94ins/del ATTG
polymorphism has regulatory influence on
NFKB1 gene expression and that the activity of

8156

the ins allele is twice as high as that of the del
allele [6].

This present study had some limitations. First,
this was a hospital-based case-control study,
thus selection bias cannot be excluded and the
participants may not be representative of the
general population. Second, this present study
only analyzed -94ins/del ATTG polymorphism in
NFKB1. Finally, caution should be taken when
interpreting these data since the population
was exclusively from China, which reduces the
possibility of confounding from ethnicity, but it
does not permit extrapolation of the results to
other ethnic groups. Thus, more studies are still
required to validate the results of this study
[12, 13].

In conclusion, the current study showed that
NFKB1 -94ins/del ATTG polymorphism could
impact the risk of NSCLC in a Chinese Han
population.
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