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Abstract

Background: Tumour necrosis factor-alpha (TNF-a) and nuclear factor of kappa light chain gene enhancer in
activated B cells (NF-kB) play critical role in carcinogenesis processes like tumour initiation, proliferation, migration
and invasion. Single nucleotide polymorphisms in TNF-a, NF-kB and its inhibitor IkB genes were shown to be
associated with susceptibility and prognosis of several cancers; however, their role in esophageal squamous cell
carcinoma (ESCC) is not well recognised. Therefore, in present study, we aimed to investigate association of
common polymorphisms in TNFA, NFkB1 and NFKBIA with risk and prognosis of ESCC in northern Indian
population.

Methods: We genotyped 290 ESCC patients (including 162 followed up cases) and 311 mean age, gender and
ethnicity matched controls for TNFA -308G>A, NFkB1 -94ATTG ins/del and NFKBIA (-826C>T and 3’'UTRA>G)
polymorphisms using PCR alone or followed by RFLP and TagMan assay.

Results: TNFA -308GA genotype was associated with increased risk of ESCC specifically in females and in patients
with regional lymph node involvement, while, NFKBIA -826CT+TT genotype conferred decreased risk of ESCC in
females. Haplotypes of NFKBIA -826C>T and 3’'UTRA>G polymorphisms, C_4,sG5'y1r and T g6A3’utr, Were associated
with reduced risk of ESCC. No independent role of NFKkB1 -94ATTG ins/del polymorphism in susceptibility of ESCC
was found. Multi-dimensionality reduction analysis showed three factor model TNFA-308, NFKBIA-826, NFKBIA
3'UTR as better predictor for risk of ESCC. Furthermore, combined risk genotype analysis of all studied
polymorphisms showed increased risk of ESCC in patients with 1-3 risk genotype compared to ‘0’ risk genotype.
Survival analysis did not show any significant prognostic effect of studied polymorphisms. However, in stepwise
multivariate analysis, metastasis was found to be independent prognostic predictor of ESCC patients.

Conclusion: TNFA-308 and NFKBIA (-826C>T and 3'UTRA>G) polymorphisms may play role in susceptibility but
not in prognosis of ESCC patients in northern Indian population.
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Introduction

Chronic inflammation, a critical component of tumour
microenvironment, is involved in pathogenesis of approximately
25% of all human cancers including esophageal cancer (EC)
[1,2]. Tumour necrosis factor-alpha (TNF-a) and nuclear factor
of kappa light chain gene enhancer in activated B cells (NF-«kB)
are two major mediators of inflammation in cancer and they are
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intricately linked to malignant processes like tumour initiation,
proliferation, invasion and angiogenesis [3,4].

TNF-a gene (TNFA) spans about 3 kilo-base pair on
chromosome 6p21.3 and contains 4 exons. It encodes a pro-
inflammatory pleiotropic cytokine that plays role in cell
differentiation, proliferation, apoptosis and immunity [5].
Deregulation of TNF-a is implicated in wide spectrum of
diseases like diabetes, osteoporosis, autoimmune diseases
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and cancers [6]. Also, expression of TNF-a was found to
progressively increase from precancerous to cancerous lesions
of esophageal carcinoma pointing its critical role in EC [7].
Several functional polymorphisms are present in the promoter
region of TNFA; however the most documented single
nucleotide polymorphism (SNP) is located at 308 nucleotide
position resulting in substitution of G to A (rs1800629).
Epidemiological studies exploring association of TNFA-308
G>A polymorphism with cancer risk are inconsistent. While,
some studies have shown increased risk of carcinoma of
breast [8], colon [9], oral cavity [10] and cervix [11], other
studies did not find any role of the polymorphism in cervical
[12] and prostate cancers [13]. In esophageal cancer, there are
two reports which failed to find any association of the
polymorphism [14,15]. TNFA-308 polymorphism may also have
prognostic implication as it was found to confer adverse
outcome to head & neck cancer and gastro-esophageal
patients [15,16].

NF-kB is a family of transcription factors that are activated by
TNF-a in classical canonical pathway [17]. There are five
members of NF-kB: RelA, RelB, c-Rel, p50/105 (encoded by
NFKB1 gene; chromosomal location: 4923-q24), and p52/p100.
The dimeric form of NF-kB, p50/RelA, is the most common
form [18]. In un-stimulated cell, NF-kB remains sequestered in
cytoplasm by its inhibitor IkB. Following activating stimuli, IkBs
are phosphorylated and degraded, so NF-kB is activated and is
translocated to the nucleus to initiate the target gene
expression [19]. The IkB family also constitutes several
members among which IkBa (encoded by NFKBIA, located on
14913) is classical form that can be found in the cytoplasm and
nuclei [20]. NF-kB was reported to be constitutively activated in
esophageal squamous cell carcinoma (ESCC) tissues and
ESCC cell lines (Eca109 and EC9706) [21,22]. While, a study
has also shown amplification and overexpression of NFKBIA
gene in KYSE series EC cell lines [23]. Several polymorphisms
are present in NFKB1 (1900 SNPs) and NFKBIA (158 SNPs)
according to dbSNP database (www.ncbi.nlm.nih.gov/snp),
however, previous studies have extensively explored role of
common polymorphic variants in promoter region of NFKB1
(-94 ATTG ins/del; rs28720239) and NFKBIA (-826 C>T;
rs2233406) and 3'UTR region of NFKBIA (3’'UTR A>G; rs696)
in susceptibility and prognosis of various cancers [24-29].
Literature exploring association of these NFKB1 and NFKBIA
variants in EC are missing till now. So, in the present study, we
investigated the association of TNFA-308 G>A, NFKB1
-94ATTG ins/del and NFKBIA (-826 C>T and 3'UTR A>G)
polymorphisms with susceptibility to esophageal squamous cell
carcinoma (ESCC) or its clinical phenotypes, their interaction
with environmental risk factors and their role in survival
outcome of ESCC patients.

Materials and Methods

Ethics statement

The study was approved by the ethical committee of Sanjay
Gandhi Postgraduate Institute of Medical Sciences, Lucknow
(28" Sanjay Gandhi Post Graduate Institute of Medical
Sciences Ethics Committee Meeting on May 14, 2003) and
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written informed consent was obtained from all recruited
individuals. All the clinical and demographical details were
recorded anonymously by one individual (data collector), while
experiments and analysis was performed by another individual
(investigator). The study subjects were coded in random
numbers and identity of patients (name and their hospital
identity number) was never revealed to investigator at any
stage of the study. Blood samples and other details from all
study subjects were collected after taking their informed written
consent.

Subject recruitment

During the period of 7 years from 2005 to 2012, 311 EC
cases were recruited from out-patients clinic of
Gastroenterology and Radiotherapy departments, Sanjay
Gandhi Post Graduate Institute of Medical Sciences, Lucknow.
The diagnosis of patient was confirmed by pathologist. EC
patients with two major histopathologies: squamous cell
carcinoma (SCC) and adenocarcinoma (ADC) were recruited in
the study. However, the frequency of ADC cases (6.8%) was
low in our study and etiologies of SCC and ADC are entirely
different; therefore, we carried our analysis in 290 incident
ESCC cases only. Patients with pre-malignant conditions like
corrosive esophageal injury, Achalasia injury, Barrett's
esophagus or Gastroesophageal reflux diseass and prior
treatment before enrolment were excluded from the study. Data
on demography, clinical parameters (like tumour location and
regional lymph node involvements) and environmental
exposures (alcohol consumption, smoking of cigarette or ‘bidi’
and smokeless tobacco usage) were recorded only for the
patients in a standard proforma from medical records and
personal interview as described previously [30]. During the
same time frame, 311 mean age, gender and ethnicity matched
cancer free controls were recruited in the study. The exclusion
criteria of controls were presence of any malignancy, chronic
disease or pre-malignant conditions.

For survival analysis, patients who had received radiotherapy
(RT) with or without concurrent cisplatin based chemotherapy
(CT) were followed up during 2005-2012. Many surgically
resected cases and patients who discontinued their treatment
could not be followed up, so prognostic evaluation was limited
to 162 cases. The inclusion criteria of patients for survival
analysis was patients who had received RT based treatment
regime i.e. patients who had received RT or RT along with CT.
However, patients who were referred for surgery or for
palliative treatment or with previous history of surgical resection
were excluded in the survival analysis. The maximum follow up
time was 72.6 months and the median follow up time was 9.3
months. Dosage of RT and CT, dysphagia grade and duration,
tumour stage, Karnofsky performance score and other
parameters were recorded for each followed patients. The
patients were prospectively followed up every six months from
the time of enrolment through telephonic conversations or their
visit to out-patient clinic until death or end of the study. The
regional lymph node involvement was recorded as ‘present’ or
‘absent’. Around, 47% (120/255) of cases had regional lymph
node involvement in overall-group of patients, while, in followed
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up patients group, regional lymph node positivity was recorded
in only 39.5% (64/162) of cases.

DNA extraction and SNP genotyping

A 3 ml venous blood was collected from each subjects in
sterile EDTA vacutainer tubes and stored at -40°C until DNA
extraction. Genomic DNA was extracted from peripheral blood
leukocytes using standard salting out method [31]. The
genotyping of TNFA-308 G>A and NFKB1 -94ins/del ATTG
polymorphisms were carried out through PCR based methods
using primer sequences as described previously [32,33].
NFKBIA -826 C>T and 3'UTR A>G polymorphisms were
genotyped by TagMan assay and PCR RFLP [34] respectively.
The details of genotyping methods are described in Table S1.
To improve genotyping quality and validation, 20% of samples
were re-genotyped by other laboratory personnel and
genotyping results were reproducible with no discrepancy. Lab
personals were also blinded to case control status during
genotyping to eliminate bias.

Statistical analysis

The effective sample size for case-control study was
calculated using Quanto 1.1 ver. software [35], while minimum
sample size for case-only survival analysis for obtaining 80%
power was estimated using PS version 2.1.3.1 software [36].
Genotypic frequencies of each studied polymorphisms among
control subjects were checked for Hardy-Weinberg equilibrium
(HWE) using goodness-of-fit x? test. Binary logistic regression
was applied to calculate Odds ratio (OR) and 95% Class
interval (CIl) for various predictors after adjustment of
covariates like age and gender. Haplotype analysis of NFKBIA
polymorphisms was conducted using SNPAnalyzer version 1.0
[37]. Since response rate was low, case only analysis was
performed for gene-environment interaction. In case of multiple
comparisons, False discovery rate (FDR) test was applied to
avoid type 1 error and the threshold value was taken as 0.10.
Multi-factor Dimensionality Reduction (MDR) analysis was
performed to evaluate the high order interaction between the
polymorphisms using MDR 3.0.2 software
(www.multifactordimensionalityreduction.org). MDR software
gives number of output parameters like cross validation
consistency (CVC), testing accuracy (TA), balanced training
accuracy for different interactions and single best model is
identified as interaction that had maximum CVC and TA.
Statistical significance of the model was evaluated using a
1000-fold permutation test. Kaplan Meier and Log rank tests
were carried out to estimate the difference in survival times
according to genotypes and clinical/demographical
characteristics. Survival time was calculated from date of
ESCC diagnosis to death of patients or date of last follow up.
Univariate Cox regression analysis was done to determine
predictive factor of ESCC survival by estimating Hazard ratio
(HRs) and 95% CI. Multivariate analysis was also performed, in
which all variables were first entered together in single step
and after that in stepwise manner also, to identify independent
prognostic predictor of ESCC. Two models (forward selection
and backward elimination) were employed in stepwise Cox
regression analysis. All statistical analyses were performed
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with SPSS software version 15.0 (SPSS, Chicago, lllinos, USA)
and differences were taken as significant when two sided P-
value was less than 0.05.

Results

The power calculation analysis showed that at minimum
minor allelic frequency (MAF) of 5.4% (as reported for Gujarati
Indian population in Hapmap database for TNFA-308 G>A
polymorphism) and genetic effect of 2.0, the case control pair
of 240 was sufficient to achieve 80% power.

Characteristics of subjects included in susceptibility
analysis

The demographic and clinical characteristics of cases and
control are shown in Table 1. There was no significant
difference in median age and gender distribution between
cases (Median age = 57 years and Males: 72.8%) and controls
(Median age: 55 years and Males: 71.1%). Majority of patients
(59.3%) had tumour at middle third location and 47% of cases
had regional lymph node involvement. Data on environmental
risk factors showed that 79% of cases used tobacco in some
form (chewing, smoking or snuff) and 28.5% had alcohol
drinking habit.

Characteristics of subjects included in survival
analysis

In group of followed up patients, 29.6% (48/162) of patients
had received RT only, while, 70.4% (114/162) of cases had
received both CT and RT. The ratio of alive, dead and lost to
follow up cases was 25 (15.4%): 76 (46.9%): 61 (37.7%). Most
of the patients (71.9%) had tumour either in T1 or T2 stage.
Median dysphagia duration was 3 month. The frequency of
dysphagia grade 1+2, 3 and 4 was 99 (61.5%), 49 (30.4%) and
13 (8.1%) respectively. Also, majority of patients were tobacco
users (77.8%), 48.7% of cases were smokers, 29.9% were
alcohol drinkers and 23.5% of patients had occupational
exposure in the followed up group.

Association of the TNFA-308 G>A, NFKB1 -94ATTG
ins/del and NFKBIA (-826 C>T and 3’ UTR A>G)
polymorphisms with overall risk of ESCC

Chi square test showed genotypic frequencies of
polymorphisms in TNFA, NFKB1 and NFKBIA were in
accordance with HWE in controls (P>0.05 in each case). When
genotypic distribution of TNFA -308 G>A polymorphism was
compared between cases and controls, 1.7 fold increased risk
of ESCC was observed with TNFA -308 GA genotype
compared to GG genotype (OR = 1.73, 95% Cl = 1.13-2.67, P
= 0.013). Also, TNFA -308 A allele was associated with
enhanced risk of ESCC compared to G allele (OR = 1.62, 95%
Cl=1.08-2.42, P = 0.019) (Table 2). No associations of NFKB1
-94 ins/del, and NFKBIA (-826 C>T and 3'UTR A>Q)
polymorphisms were observed with the overall risk of ESCC.
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Table 1. Demographic and clinical characteristics of study subjects.

Variables N (%)
Esophageal Squamous Cell Carcinoma (ESCC) patients 290
Median age 57 years
Gender

Males 211 (72.8)
Females 79 (27.2)
Ethnicity northern Indian
Controls 311
Median age 55 years
Gender

Males 221 (71.1)
Females 90 (28.9)
Ethnicity northern Indian
Tumour location”

Upper 45 (15.5)
Middle 172 (59.3)
Lower 73 (25.2)
Regional Lymph node”

Present 120 (47.1)
Absent 135 (52.9)
Environmental exposures of ESCC patients*

Tobacco habit

Smokers 45 (16.0)
Tobacco chewers 90 (31.9)
Smokers+ tobacco chewers 89 (31.6)
Non-tobacco users 58 (20.6)
Alcohol habit

Drinkers 79 (28.5)
Non-drinker 198 (71.5)

" Data was missing in some cases
doi: 10.1371/journal.pone.0081999.t001

Survival analysis

Univariate and multivariate Cox regression analysis showed
no significant effect of TNFA-308 G>A, NFKB1 -94ATTG ins/
del, NFKBIA (-826 C>T and 3'UTR A>G) polymorphisms on the
survival outcome of ESCC patients (Table 3 and 4). However,
when all of the variables in the study (genetic polymorphisms
and clinico-pathological variables) were entered in single step
in multivariate analysis, presence of metastasis conferred poor
survival outcome to ESCC patients (HR = 3.39, 95% CI =
1.44-7.98, P = 0.005). Similarly, stepwise regression analysis
(in both forward selection and backward elimination model)
indicated metastasis as an independent predictor of prognosis
of ESCC patients (HR = 2.72, 95% CI =1.44-5.14, P = 0.002)
(Table 4).

Gender specific association of inflammatory gene
polymorphisms

We further stratified our overall group of subjects based on
gender and found female specific increased risk of ESCC with
TNFA -308 GA+AA genotype (OR = 3.25, 95% CI = 1.22-8.66,
P =0.019) even after FDR test (q value = 0.069) (Table 5).
However, NFKBIA -826 CT and CT+TT genotypes conferred

PLOS ONE | www.plosone.org

50% reduced risk of ESCC in female subjects (OR = 0.48, 95%
Cl = 0.25-0.91, P = 0.025, g = 0.045 and OR = 0.52, 95% CI =
0.28-0.97, P = 0.038, g = 0.057) (Table 5). No male-specific
association of the studied gene polymorphisms was observed.

Association of the TNFA-308 G>A, NFKB1 -94ATTG ins/del
and NFKBIA polymorphisms with clinical characteristics
(tumour location and regional lymph node involvement) of
ESCC

Association of the polymorphisms with tumour location
showed significant reduced risk of upper and lower third
esophageal tumours with NFKBIA -826 CT+TT and 3UTR AG
+GG genotype respectively (OR = 0.41, 95% CI = 0.21-0.80, P
= 0.009, q = 0.019 and OR = 0.52, 95% CI = 0.29-0.93, P =
0.028, q = 0.072 respectively) (Table 6). TNFA -308 or NFKB1
-94 ins/del polymorphisms did not modulate any site-specific
risk of ESCC tumours. We also analysed the role of the genetic
variants with regional lymph node involvement and found
ESSC patients with TNFA -308 GA or GA+AA genotypes were
at two fold increased risk of regional lymph node involvement
(GA vs. AA: OR =2.16, 95% CI = 1.27-3.67, P = 0.004, q
=0.011; GA +AA vs. AA: OR = 2.18, 95% CI = 1.29-3.68, P =
0.003, g = 0.008) (Table 6).
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Table 2. Frequency distribution and association of the selected polymorphisms with risk of esophageal squamous cell

carcinoma (ESCC).

Role of TNFA, NFKB1 and NFKBIA Variants in ESCC

Genotypes/alleles Controls N (%) ESCC Patient N (%) OR’(95%Cl) P value P for trend
TNFA-308 G>A polymorphism

GG 268 (86.2) 227 (78.3) Reference 0.013
GA 42 (13.5) 62 (21.4) 1.73 (1.13-2.67) 0.013

AA 1(0.3) 1(0.3) 1.16 (0.07-18.63) 0.918

GA+AA 43 (13.8) 63 (21.7) 1.72 (1.12-2.64) 0.013

G allele 578 (92.9) 516 (89.0) Reference

A allele 44 (7.1) 64 (11.0) 1.62 (1.08-2.42) 0.019

NFKB1 -94ATTG ins/del polymorphism

ATTG1/ATTGq 22(7.1) 27 (9.3) Reference 0.101
ATTG4/ATTG2 129 (41.5) 132 (45.5) 0.85 (0.46-1.57) 0.598

ATTG/ATTG, 160 (51.4) 131 (45.2) 0.68 (0.37-1.25) 0.217

ATTG/ATTGo+ ATTG/ATTG2 289 (92.9) 263 (90.7) 0.76 (0.42-1.36) 0.349

ATTG1 allele 173 (27.8) 186 (32.1) Reference

ATTG; allele 449 (72.2) 394 (67.9) 0.82 (0.64-1.05) 0.122

NFKBIA -826 C>T polymorphism

CcC 149 (47.9) 145 (50.0) Reference 0.858
CT 141 (45.3) 122 (42.1) 0.89 (0.63-1.24) 0.472

T 21(6.8) 23(7.9) 1.14 (0.60-2.15) 0.691

CT+TT 162 (52.1) 145 (50.0) 0.92 (0.67-1.26) 0.598

C allele 439 (70.6) 412 (70.6) Reference

T allele 183 (29.4) 168 (29.0) 0.98 (0.76-1.26) 0.866

NFKBIA 3’'UTR A>G polymorphism

AA 59 (19.0) 71 (24.5) Reference 0.274
AG 165 (53.1) 140 (48.3) 0.69 (0.45-1.04) 0.077

GG 87 (28.0) 79 (27.2) 0.73 (0.46-1.17) 0.190

AG+GG 252 (81.0) 219 (75.5) 0.70 (0.48-1.04) 0.079

A allele 283 (45.5) 282 (48.6) Reference

G allele 339 (54.5) 298 (51.4) 0.87 (0.69-1.09) 0.236

NFKB1 -94ATTG1 allele stands for deletion allele and ATTG, stands for insertion allele” age and gender adjusted odds ratio; significant values are shown in bold;

doi: 10.1371/journal.pone.0081999.t002

Interaction of the polymorphisms with environmental
risk factors

A case only analysis was performed to evaluate interaction
of the polymorphisms with environmental risk factors, however,
no significant modulation in risk of ESCC was found in tobacco
users, smokers and alcohol users (Data not shown).

Linkage disequilibrium and haplotype analysis of
NFKBIA polymorphisms

Linkage disequilibrium (LD) analysis showed that NFKBIA
-826 C>T and 3'UTR A>G polymorphisms were in moderate
LD in controls as well as in patients (D’ = 0.400, x? = 33.71, P <
0.001 and D’ = 0.609, x?> = 84.65, P < 0.001 respectively). A
total of four haplotypes were observed in the subjects. The
frequency of CgGiurr and TgsAs'urr  haplotypes were
significantly lower in cases (27.9% and 5.5% respectively) than
controls (33.1% and 8.0% respectively). Therefore, C ;G5 yrr
and T g,6A; 'y haplotypes were associated with reduced risk of
ESCC compared to C A3’ y1r haplotype (OR = 0.73, 95% CI =
0.56-0.96, P = 0.025 and OR = 0.60, 95% CI = 0.37-0.96, P =
0.034) (Table 7).
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Combined risk genotype analysis of TNFA-308 G>A,
NFKB1 -94ATTG ins/del and NFKBIA (-826 C>T and
3’UTR A>G) polymorphisms

We also performed combined risk genotype analysis to study
the effect of risk genotypes of all four polymorphisms on
susceptibility to ESCC. For this, we pooled risk genotype (OR
>1) of all four SNPs into new variable according to the number
of risk genotypes, ranging from 0-4 (in case of protective
association, we reversed the reference group). A significant
dose dependent risk of ESCC was observed with combined
risk genotype of all four SNPs (Pye,q = 0.001). Moreover, in
dichotomized analysis, patients with 1-3 risk genotype had 1.67
fold higher risk of ESCC compared to patients with ‘0’ risk
genotype (OR =1.67, 95% CIl = 1.21-2.31, P =0.002, q value =
0.005) (Table 8). Role of combined risk genotype in the
prognosis of ESCC patients was also analyzed. However, no
significant difference in median survival was found among
patients carrying ‘0’, ‘“1° ‘2’ or ‘3’risk genotypes (Log rank P
value = 0.882). Cox regression analysis also did not show any
significant hazard of death with any of the risk genotypes i.e.,
‘1’ ‘2’ or ‘3’risk genotypes (Data not shown). Furthermore, there
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Table 3. Univariate survival analysis of selected gene polymorphisms in ESCC.

Genotypes N (%) Median survival (in months) Log Rank P value HR (95% CIl) P value
TNFA -308 G>A polymorphism

GG 126 (77.8) 16.73 0.368 Reference

GA 35 (21.6) 22.94 0.77 (0.44-1.34) 0.347
AA 1(0.6) 9.26 3.42 (0.45-25.99)0.235
GA+AA 36 (22.2) 15.00 0.503 0.80 (0.47-1.39) 0.434
NFKB1 -94 ATTG ins/ del polymorphism

ATTG1/ATTGq 15 (9.3) 27.33 0.923 Reference
ATTG4/ATTG2 76 (46.9) 20.80 0.93 (0.42-2.04) 0.856
ATTG/ATTG2 71 (43.8) 15.60 1.00 (0.46-2.19) 0.999
ATTG/ATTGo+ ATTGo/ATTGo 147 (90.7) 16.73 0.875 0.96 (0.46-2.03) 0.923
NFKBIA -826 C>T polymorphism

CcC 83 (51.2) 16.73 0.617 Reference

CT 68 (42.0) 18.80 0.81 (0.50-1.32) 0.397
T 11 (6.8) 10.67 1.27 (0.53-3.05) 0.598
CT+TT 79 (48.8) 18.50 0.644 0.87 (0.55-1.37) 0.546
NFKBIA 3’UTR A>G polymorphism

AA 41 (25.3) 14.60 0.837 Reference

AG 79 (48.8) 20.80 1.00 (0.57-1.76) 0.992
GG 42 (25.9) 11.60 1.18 (0.62-2.23) 0.621
AG+GG 121 (74.7) 18.50 0.865 1.05 (0.62-1.80) 0.846

HR: hazard ratio
doi: 10.1371/journal.pone.0081999.t003

was no effect of dichotomized risk genotype (1-3 vs. O risk
genotype) on survival outcome of ESCC patients (Table 8).

Multi-dimensionality reduction (MDR) analysis

MDR analysis showed that TNFA -308 polymorphism was
the best one factor model and TNFA -308 and NFKBIA 3'UTR
were the best model for two factors and TNFA-308, NFKBIA
-826, NFKBIA 3'UTR polymorphisms as best model for three
factors. However, P value of permutation testing was significant
only for three factor model (P value = 0.006, 0.264 and 0.214
for three, two and one factor model respectively) (Table S2).
Thus, three factor model TNFA-308, NFKBIA-826, NFKBIA
3'UTR with testing accuracy of 0.57 and 10/10 CVC is better
predictor risk of ESCC compared to one/two factors.

Discussion

Inter-individual variation in ESCC may be partly attributed to
genetic variants in inflammatory and immune-responsive genes
[38,39]. In the present study, we investigated the role of
common polymorphic variants in TNFA, NFKB1 and NFKBIA
(the major mediators of inflammatory and immune response in
malignancy) with risk and prognosis of ESCC in northern Indian
population. We observed that TNFA-308 G>A polymorphism
was associated with enhanced risk of ESCC especially in
females and in patients with regional lymph node involvements.
No independent role of either NFKB1 -94ATTG ins/del or
NFKBIA (-826 C>T and 3'UTR A>G) polymorphisms in ESCC
susceptibility was found, however, two haplotypes of NFKBIA
polymorphisms (Cgs Gy'yrr @nd Tgy Ag'yrr) S€EM to have
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protective role in ESCC. MDR analysis showed TNFA -308,
NFKBIA -826 and NFKBIA 3'UTR polymorphisms as better
predictor for risk of ESCC. Moreover, when we pooled risk
genotype of all the polymorphisms, a significant increased risk
of ESCC was observed in subjects with =1 risk genotypes
compared to subjects with ‘0’ risk genotype.

The MAF of TNFA -308 G>A polymorphism in present study
was 7.1% which is similar to Hapmap Guajarati Indian (GIH)
and Han Chinese (CHB) population (http//
hapmap.ncbi.nim.nih.gov/). We found a significant 1.7 fold
increased risk of ESCC with TNFA -308 GA genotype and A
allele in comparison to GG genotype to G allele respectively.
Literature suggests strong association of TNFA -308 A allele
with MHC haplotype HLA-A1-B8-DR3, which is in turn linked
with increased production of TNF-a [40,41]. Also, TNFA -308A
allele is stronger transcriptional activator than G allele and
production of TNF-a was reported to be higher in monocyte
culture of individuals with TNFA-308 GA compared to that with
GG genotype [42,43]. Thus, increased risk of ESCC with TNFA
-308 GA genotype and A allele may be due to higher TNF-a
production, which promotes malignant processes through
induction of premalignant chemokines, angiogenic mediators,
reactive oxygen intermediates and inflammatory mediators [4].
In contrast to our finding, two previous studies did not find
independent association of TNFA -308 G>A polymorphism with
susceptibility to gastro-esophageal cancer or ESCC [14,15].
However, their results should be interpreted cautiously as
TNFA-308 polymorphism was not in HWE in controls in these
studies (P,we were less than 0.05). For this reason, we could
not perform meta-analysis of TNFA -308 polymorphism in
esophageal cancer as one of exclusion criteria for studies in
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Table 4. Multivariate analysis of various clinical parameters and inflammatory gene polymorphisms.

Variables Hazard ratio 95% Class Interval P value
Enter method (When all variables were entered in single step)
Age 0.98 0.96- 1.01 0.155
Sex 0.70 0.28-1.75 0.444
Dysphagia Grade
Grade 1+2vs. 3 0.64 0.32-1.28 0.208
Grade 1+2 vs. 4 0.64 0.13-3.31 0.598
Dysphagia duration 0.95 0.88-1.04 0.262
Regional nodal status (Presence vs. absence) 1.14 0.63-2.08 0.658
Tobacco usage (Users vs. non-users) 2.05 0.75-5.62 0.161
Smoking (Smokers vs. non-smokers) 0.85 0.41-1.76 0.662
Alcohol drinking (Drinkers vs. non-drinkers) 0.84 0.43-1.66 0.623
Occupational Exposure (Yes vs. no) 2.06 0.95-4.49 0.069
Tumour length 0.99 0.87-1.11 0.824
Tumour staging (T1+T2 vs. T3) 1.21 0.56-2.61 0.636
Metastasis (Yes vs. No) 3.39 1.44-7.98 0.005
Radiotherapy dosage ( < 50Gy vs. >50Gy) 1.18 0.57-2.45 0.656
Chemotherapy given (No vs. Yes) 1.06 0.51-2.20 0.884
TNFA-308 G>A polymorphism
GG vs. GA 0.85 0.25-2.85 0.786
GG vs. AA 2.15 0.15-30.38 0.571
NFKB1 -94ATTG ins/del polymorphism
ATTG4/ATTG2 vs. ATTG1/ATTG1 1.45 0.43-4.87 0.544
ATTG2/ATTG2 vs. ATTG1/ATTG1 1.76 0.51-6.04 0.368
NFKBIA -826 C>T polymorphism
CTvs.CC 0.81 0.40-1.62 0.544
TTvs.CC 1.34 0.34-5.26 0.674
NFKBIA 3’'UTR A>G polymorphism
AG vs. AA 1.05 0.35-3.17 0.932
GG vs. AA 1.50 0.46-4.88 0.502
Dichotomized risk genotype (1-3 vs. 0) 1.1 0.30-409 0.871
Stepwise regression analysis (Forward selection and backward elimination method)
Metastasis (Yes vs. No) 2.72 1.44-5.14 0.002

Dysphagia (Difficulty in swallowing) grade: 1-to solids, 2-to soft solids, 3-to liquids, 4-absolute; Significant values are shown in bold

doi: 10.1371/journal.pone.0081999.t004

meta-analysis is disagreement of polymorphism with HWE in
controls.

NF-kB is a major transcription regulator of immune response,
apoptosis and cell-cycle genes [18]. A four base pair deletion
polymorphism in NFKB1 i.e., -94ATTG del is extensively
explored in various cancers. The deletion allele of the
polymorphism abolishes binding site for nuclear protein
resulting in reduced promoter activity [44]. Although, prior
studies have shown significant association of the NFKB1
polymorphism with carcinoma of urinary bladder, prostate,
cervix and nasopharynx [33,45-47], no role of the
polymorphism in ESCC susceptibility was found in the present
study. Similar to our study, Riemann et al. did not find
association of the polymorphism with bladder cancer, colorectal
cancer, renal cell carcinoma and B cell chronic lymphocytic
leukemia in German subjects [48,49]. The different findings of
NFKB1 -94ATTG del polymorphism may be due to its cancer
specific or population specific nature of association. We also
examined association of two functional polymorphisms in

PLOS ONE | www.plosone.org

NFKBIA (-826C>T and 3'UTRA>G) with ESCC susceptibility,

however no significant role in ESCC was observed.

Univariate survival analysis through Kaplan Meier test and
Cox regression showed no difference in median survival or
death hazard of ESCC patients with any of the selected gene
polymorphism. Also, in multivariate analysis, no effect of
studied gene polymorphisms in prognosis of ESCC was found.
However, presence of metastasis was associated with worse
survival outcome of ESCC patients in multivariate analysis,
which is well known fact. A previous study showed that
TNFA-308 AA genotype was associated with poor prognosis of
tumour at gastro-esophageal (GE) junction study [15]. This
could be due to entirely different etiology of tumour located at
GE junction compared to esophageal squamous cell
carcinoma. The lack of prognostic role of the selected gene
polymorphisms in ESCC patients in the present study may be
due to small number of alive cases (15.4%) compared to dead
or lost to follow up cases (84.6%) or short median follow-up.
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Table 5. Gender specific association of selected polymorphism with risk of ESCC.

Genotypes Males

Females

Controls N (%)

Patients N (%)

OR” (95% CI ) P value

Controls N (%)

Patients N (%)

OR" (95% ClI ) P value

TNFA -308 G>A polymorphism

GG 185 (83.7) 163 (77.3) Reference 83 (92.2) 64 (81.0) Reference

GA 35 (15.8) 48 (22.7) 1.55 (0.95-2.51)0.079 7(7.8) 14 (17.7) 3.06 (1.14-8.27) 0.0271
AA 1(0.5) 0 (0) NC 0 1(1.3) NC

GA+AA 36 (16.3) 48 (22.7) 1.50 (0.93-2.43) 0.098 7(7.8) 15 (19.0) 3.25 (1.22-8.66) 0.0192
NFKB1 -94 ATTG ins/del polymorphism

ATTG1/ATTGq 16 (7.2) 17 (8.1) Reference 6 (6.7) 10 (12.7) Reference
ATTG4/ATTG2 94 (42.5) 102 (48.3) 1.04 (0.50-2.17) 0.924 35 (38.9) 30 (38.0) 0.53 (0.17-1.63) 0.264
ATTG/ATTG2 111 (50.2) 92 (43.6) 0.79 (0.38-1.66) 0.533 49 (54.4) 39 (49.4) 0.50 (0.16-1.49) 0.212
ATTG4/ATTG+ ATTG/ATTG, 205 (92.8) 194 (91.9) 0.90 (0.44-1.84) 0.780 84 (93.3) 69 (87.3) 0.51 (0.17-1.48) 0.214
NFKBIA -826 C>T polymorphism

CC 112 (50.7) 99 (46.9) Reference 37 (41.1) 46 (58.2) Reference

CT 94 (42.5) 95 (45.0) 1.14 (0.77-1.68) 0.527 47 (52.2) 27 (34.2) 0.48 (0.25-0.91) 0.0253
T 15 (6.8) 17 (8.1) 1.28 (0.61-2.71) 0.511 6 (6.7) 6 (7.6) 0.86 (0.26-2.93) 0.815
CT+TT 109 (49.3) 112 (53.1) 1.16 (0.79-1.69) 0.453 53 (58.9) 33 (41.8) 0.52 (0.28-0.97) 0.0384
NFKBIA 3’'UTR A>G polymorphism

AA 38 (17.2) 51(24.2) Reference 21 (23.3) 20 (25.3) Reference

AG 117 (52.9) 104 (49.3) 0.65 (0.40-1.07) 0.092 48 (53.4) 36 (45.6) 0.76 (0.36-1.63) 0.487
GG 66 (29.6) 56 (26.5) 0.62 (0.35-1.07) 0.087 21(23.3) 23(29.1) 1.21 (0.51-2.86) 0.670
AG+GG 183 (82.8) 160 (75.8) 0.64 (0.40 -1.03) 0.064 69 (76.7) 59 (74.7) 0.90 (0.44-1.82) 0.760

1,0.0692, 0.0453, 0.0574; significant values are shown in bold; NC = not calculated” age and gender adjusted odds ratio; FDR q value = 0.108

doi: 10.1371/journal.pone.0081999.t005

Stratification based on gender showed that TNFA-308 GA
was associated with increased risk of ESCC in females, in
contrast, NFKBIA -826 CT genotype conferred female-specific
decreased risk of ESCC. These is sexual dimorphism in
immune/inflammatory response and females exhibits more
vigorous cellular/ humoral immune reactions compared to
males [50]. Also, female hormone progesterone was found to
increases TNF-a secretion in activated monocytes [51]. So,
female specific association of TNFA-308 A allele may
explained by higher TNF-a level in females leading to
aggressive inflammatory response. However, these findings
(female specific associations) need to be confirmed in larger
cohort and should be interpreted cautiously due to low number
of female patients in the present study.

ESCC shows considerable heterogeneity in clinical
phenotypes and different genetic factors/pathways are
implicated in development of specific esophageal tumour
phenotypes [52,53]. In line with this, NFKBIA -826 CT+TT and
3'UTR AG+GG genotypes seem to be associated with lower
risk of upper and lower third esophageal tumour respectively.
Furthermore, TNFA-308 GA genotype conferred significant
increased risk of regional lymph node involvement in ESCC
patients. Similar to this, Kim et al. had shown association of the
TNFA -308 polymorphism with lymph node metastasis in
gastric cancer patients [54].

Regional lymph node involvement usually associated with
poor clinical outcome of the cancer patients. However, in the
present study no modification in prognosis of esophageal
cancer patients was observed with lymph node status. This
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may be due to low number (64/162, 39.5%) of followed up
patients had regional lymph node involvement. So, despite
association TNFA-308 GA with regional Ilymph node
involvement in ESCC patients, no role of TNFA-308
polymorphism in clinical outcome of ESCC patients was found.

We next carried out the haplotype analysis of two NFKBIA
polymorphisms which showed significant decreased risk of
ESCC  with and T-g56Asutr  haplotypes.
Bioinformatics analysis showed that NFKBIA -826 C>T
polymorphism may affect binding of transcription factor like
BRAC1/2, TBP and MYB, while 3UTRA>G polymorphism may
affect binding of mir-196a (www.SNPinfo.com). Few studies
have also examined the effect of NFKBIA 3'UTRA>G
polymorphism on expression of the protein, however, finding
are inconsistent. While, the expression of NFKBIA was
reported to be higher in peri-tumour tissues from colorectal
cancer patients with 3UTR AA+AG genotypes than those with
3'UTR GG genotype [55], another study did not find difference
in expression of NFKBIA in melanoma patients with different
3'UTR genotypes [56]. Data demonstrating exact functional
role of NFKBIA -826 and 3'UTR polymorphisms in ESCC are
lacking, however, it is reasonable to assume that differential
expression of IkB due to NFKBIA specific haplotypes may
result in different NF-kB activation, further leading to differential
risk for ESCC.

Cancer is a multi-genic disease in which single SNP may
only have a modest independent effect on disease phenotype
and multiple SNPs may provide a more accurate
representation of the risk. So we carried a high order

’
C-82663 UTR
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Table 6. Association of selected polymorphisms with clinical characteristics (tumour location and regional lymph node

involvement) and risk of ESCC.

Regional lymph

node
Controls N MiddleN OR" (95% CI) P OR"(95% CI) P involvementN OR” (95% CI)P
Genotypes (%) Upper N (%)OR” (95% Cl1 ) P value (%) value Lower N (%)value (%) value
TNFA -308 G>A polymorphism
GG 268 (86.2) 35(77.8) Reference 136 (79.1) Reference 56 (76.7) Reference 89 (74.2) Reference
1.83(0.83-4.01) 1.62 (0.98-2.66) 1.88 (1.00-3.56) 2.16 (1.27-3.67)
GA 42 (13.5) 10 (22.2) 35 (20.3) 17 (23.3) 30 (25.0)
0.132 0.058 0.051 0.0041
1.90 (0.12-30.67) 3.00(0.19-48.59)
AA 1(0.3) 0(0) NC 1(0.6) 0(0) NC 1(0.8)
0.651 0.439
1.79(0.82-3.92) 1.62 (0.99-2.65) 1.84 (0.98-3.47) 2.18 (1.29-3.68)
GA+AA 43 (13.8) 10 (22.2) 36 (20.9) 17 (23.3) 31(25.8)
0.146 0.053 0.60 0.0032
NFKB1 -94ATTG ins/ del polymorphism
ATTGy,
ATTG 22 (7.1) 5(11.1) Reference 15 (8.7) Reference 7 (9.6) Reference 9 (7.5) Reference
1
ATTGq/ 0.75 (0.26-2.19) 0.93 (0.46-1.90) 0.69 (0.28-1.77) 1.04 (0.45-2.41)
129 (41.5) 22 (48.9) 82 (47.7) 28 (38.4) 55 (45.8)
ATTGy 0.599 0.840 0.439 0.926
ATTGo/ 0.49 (0.16-1.45) 0.68 (0.33-1.39) 0.76 (0.30-1.91) 0.85(0.37-1.97)
160 (51.4) 18 (40.0) 75 (43.6) 38 (52.1) 56 (46.7)
ATTGy 0.486 0.292 0.559 0.710
ATTG/
ATTG, + 0.60 (0.22-1.69) 0.79 (0.40-1.57) 0.73 (0.30-1.78) 0.94 (0.42-2.10)
289 (92.9) 40 (88.9) 157 (91.3) 66 (90.4) 111 (92.5)
ATTGy/ 0.334 0.505 0.486 0.874
ATTGy
NFKBIA -826 C>T polymorphism
CC 149 (47.9) 31(68.9) Reference 76 (44.2) Reference 38 (52.1) Reference 57 (47.5) Reference
0.37 (0.18-0.76) 1.11 (0.75-1.64) 0.88 (0.52-1.49) 0.97 (0.62-1.50)
CT 141 (45.3)  11(24.4) 80 (46.5) 31 (42.5) 52 (43.3)
0.0073 0.604 0.630 0.876
0.68 (0.19-2.43) 1.53 (0.75-3.10) 0.74 (0.24-2.28) 1.37 (0.62-3.03)
T 21(6.8) 3(6.7) 16 (9.3) 4(5.4) 11(9.2)
0.553 0.241 0.594 0.434
0.41 (0.21-0.80) 1.16 (0.80-1.69) 0.86 (0.51-1.43) 1.02(0.67-1.55)
CT+TT 162 (52.1) 14 (31.1) 96 (55.8) 35 (57.9) 63 (52.5)
0.0094 0.431 0.561 0.934
NFKBIA 3°'UTR A>G polymorphism
AA 59 (19.0) 12 (26.7)  Reference 37 (21.5) Reference 22 (30.1)  Reference 24 (20.0) Reference
0.67 (0.31-1.43) 0.77 (0.47-1.26) 0.57 (0.31-1.05) 1.02(0.59-1.77)
AG 165 (53.1) 23 (51.1) 81 (47.1) 36 (49.3) 68 (56.7)
0.299 0.298 0.070 0.948
0.54 (0.22-1.34) 0.97 (0.57-1.67) 0.43 (0.21-0.91) 0.80 (0.42-1.51)
GG 87 (28.0) 10 (22.2) 54 (31.4) 15 (20.5) 28 (23.3)
0.183 0.922 0.0275 0.486
0.62 (0.30-1.29) 0.84 (0.53-1.34) 0.52 (0.29-0.93) 0.94 (0.55-1.61)
AG+GG 252 (81.0)  33(73.3) 135 (78.5) 51 (69.9) 96 (80.0)
0.201 0.461 0.0286 0.827

1,0.0082, 0.0143, 0.019%, 0.0775, 0.0725; significant values are shown in bold; NC = not calculated” age and gender adjusted odds ratio; FDR q value = 0.011

doi: 10.1371/journal.pone.0081999.t006

Table 7. Association of NFKBIA haplotypes with the risk of ESCC.

Haplotypes Controls N (%) Patients N (%) OR (95% CI) P value

C_g26 A3UTR 233 (37.5) 250 (43.1) Reference

C_g26 G3'UTR 206 (33.1) 162 (27.9) 0.73 (0.56 - 0.96) 0.025

T_g26 G3UTR 133 (21.4) 136 (23.5) 0.95 (0.71 - 1.28) 0.752

T.826 A3'UTR 50 (8.0) 32 (5.5) 0.60 (0.37 - 0.96) 0.034

Significant values are shown in bold

doi: 10.1371/journal.pone.0081999.t007
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Table 8. Role of combined risk genotypes of selected gene polymorphisms in the risk and prognosis of esophageal cancer.

Risk group Controls N (%) Cases N (%) OR’(95% Cl) P value
Combined Genotype

0 186 (59.8) 137 (47.2) Reference

1 106 (34.1) 123 (42.4) 1.58 (1.12-2.23) 0.009
2 18 (5.8) 29 (10.0) 2.22 (1.18-4.17) 0.013
3 1(0.3) 1(0.3) 1.34 (0.08-21.70) 0.836
P for trend 0.00123

Dichotomized

0 186 (59.8) 137 (47.2) Reference

1-3 125 (40.2) 153 (52.8) 1.67 (1.21-2.31) 0.002"
Dichotomized risk genotype N (%) Median survival (in months) Log Rank P value HR (95% CI) P value
0 80 (49.4) 18.80 0.528 Reference

1-3 82 (50.6) 15.00 0.88 (0.56-1.38) 0.877

1, significant values are shown in bold” age and gender adjusted odds ratio; FDR q value = 0.005

doi: 10.1371/journal.pone.0081999.t008

interaction analysis to find out the best predictive model for the
risk of ESCC. A three factors model TNFA-308, NFKBIA -826,
NFKBIA 3'UTR polymorphisms was predicted to be best model
with  maximum testing accuracy and CV consistency.
Furthermore, when we pooled the risk genotype (with OR>1) of
all the polymorphisms, significant increased risk of ESCC of
was observed with combined risk genotype in dose responsive
manner. Also, individuals with 1-3 risk genotypes were found to
have higher risk of ESCC compared to those with ‘0’ risk
genotype. However, no role of combined risk genotype on
survival outcome of ESCC patients was found. These findings
suggest the joint effect of studied gene polymorphisms in
susceptibility but not in prognosis of ESCC. Interaction of
selected polymorphisms with environmental risk factors were
also analyzed, which did not show any significant outcome.
This implies that there may be other classes of genes which
might show interaction with environmental risk factor for
developing risk of ESCC in northern Indian population.

The present study has several strengths like well defined set
of cases and controls, agreement of genotypic data with HWE
in controls, consistencies of MAF of polymorphisms with
Hapmap GIH data and adoption of stringent quality control
measures. Limitation of study is low sample size in subgroups,
absence of qualitative environmental exposure data in cases
and short median follow-up in survival analysis.

References

1. Coussens LM, Werb Z (2002) Inflammation and cancer. Nature 420:
860-867. doi:10.1038/nature01322. PubMed: 12490959.

2. Hussain SP, Harris CC (2007) Inflammation and cancer: an ancient link
with novel potentials. Int J Cancer 121: 2373-2380. doi:10.1002/ijc.
23173. PubMed: 17893866.

3. Karin M (2006) Nuclear factor-kappaB in cancer development and
progression. Nature 441: 431-436. doi:10.1038/nature04870. PubMed:
16724054.

4. Szlosarek P, Charles KA, Balkwill FR (2006) Tumour necrosis factor-
alpha as a tumour promoter. Eur J Cancer 42: 745-750. doi:10.1016/
j-ejca.2006.01.012. PubMed: 16517151.

5. Locksley RM, Killeen N, Lenardo MJ (2001) The TNF and TNF receptor
superfamilies: integrating mammalian biology. Cell 104: 487-501. doi:
10.1016/S0092-8674(01)00237-9. PubMed: 11239407.

PLOS ONE | www.plosone.org

10

In summary, our results suggest independent role of TNFA
-308 G>A polymorphism and combined effect of TNFA and
NFKBIA gene polymorphisms in susceptibility of ESCC in
northern Indian population. However, none of the genetic
variants seem to have implications in prognosis of ESCC.

Supporting Information

Table S1. Details of genotyping methods of TNFA-308
G>A, NFKB1 -94ATTG ins/del and NFKBIA (-826 C>T and
3’UTR A>G) polymorphisms.

(DOCX)

Table S2. Multi Dimensionality Reduction (MDR) analysis
of selected gene polymorphisms.
(DOCX)

Author Contributions

Conceived and designed the experiments: MU RU BM SK
UCG. Performed the experiments: MU. Analyzed the data: MU
RU. Contributed reagents/materials/analysis tools: BM SK
UCG. Wrote the manuscript: MU BM.

6. Chen G, Goeddel DV (2002) TNF-R1 signaling: a beautiful pathway.
Science 296: 1634-1635. doi:10.1126/science.1071924. PubMed:
12040173.

7. Tselepis C, Perry I, Dawson C, Hardy R, Darnton SJ et al. (2002)
Tumour necrosis factor-alpha in Barrett's oesophagus: a potential novel
mechanism of action. Oncogene 21: 6071-6081. doi:10.1038/sj.onc.
1205731. PubMed: 12203119.

8. Mestiri S, Bouaouina N, Ahmed SB, Khedhaier A, Jrad BB et al. (2001)
Genetic variation in the tumor necrosis factor-alpha promoter region
and in the stress protein hsp70-2: susceptibility and prognostic
implications in breast carcinoma. Cancer 91: 672-678. doi:
10.1002/1097-0142(20010215)91:4. PubMed: 11241233.

9. Li M, You Q, Wang X (2011) Association between polymorphism of the
tumor necrosis factor alpha-308 gene promoter and colon cancer in the

December 2013 | Volume 8 | Issue 12 | 81999


http://dx.doi.org/10.1038/nature01322
http://www.ncbi.nlm.nih.gov/pubmed/12490959
http://dx.doi.org/10.1002/ijc.23173
http://dx.doi.org/10.1002/ijc.23173
http://www.ncbi.nlm.nih.gov/pubmed/17893866
http://dx.doi.org/10.1038/nature04870
http://www.ncbi.nlm.nih.gov/pubmed/16724054
http://dx.doi.org/10.1016/j.ejca.2006.01.012
http://dx.doi.org/10.1016/j.ejca.2006.01.012
http://www.ncbi.nlm.nih.gov/pubmed/16517151
http://dx.doi.org/10.1016/S0092-8674(01)00237-9
http://www.ncbi.nlm.nih.gov/pubmed/11239407
http://dx.doi.org/10.1126/science.1071924
http://www.ncbi.nlm.nih.gov/pubmed/12040173
http://dx.doi.org/10.1038/sj.onc.1205731
http://dx.doi.org/10.1038/sj.onc.1205731
http://www.ncbi.nlm.nih.gov/pubmed/12203119
http://dx.doi.org/10.1002/1097-0142(20010215)91:4
http://www.ncbi.nlm.nih.gov/pubmed/11241233

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Chinese population. Genet Test Mol Biomarkers 15: 743-747. doi:
10.1089/gtmb.2011.0068. PubMed: 21631297.

. Liu CJ, Wong YK, Chang KW, Chang HC, Liu HF et al. (2005) Tumor

necrosis factor-alpha promoter polymorphism is associated with
susceptibility to oral squamous cell carcinoma. J Oral Pathol Med 34:
608-612. doi:10.1111/j.1600-0714.2005.00359.x. PubMed: 16202081.

. Singh H, Jain M, Sachan R, Mittal B (2009) Association of TNFA

(-308G>A) and IL-10 (-819C>T) promoter polymorphisms with risk of
cervical cancer. Int J Gynecol Cancer 19: 1190-1194. doi:10.1111/IGC.
0b013e3181a3a3af. PubMed: 19823053.

. Barbisan G, Pérez LO, Contreras A, Golijow CD (2012) TNF-alpha and

IL-10 promoter polymorphisms, HPV infection, and cervical cancer risk.
Tumour Biol 33: 1549-1556. doi:10.1007/s13277-012-0408-1. PubMed:
22592655.

. Wu HC, Chang CH, Chen HY, Tsai FJ, Tsai JJ et al. (2004) p53 gene

codon 72 polymorphism but not tumor necrosis factor-alpha gene is
associated with prostate cancer. Urol Int 73: 41-46. doi:
10.1159/000078803. PubMed: 15263792.

. Guo W, Wang N, Li Y, Zhang JH (2005) Polymorphisms in tumor

necrosis factor genes and susceptibility to esophageal squamous cell
carcinoma and gastric cardiac adenocarcinoma in a population of high
incidence region of North China. Chin Med. J (Engl) 118: 1870-1878

. Deans C, Rose-Zerilli M, Wigmore S, Ross J, Howell M et al. (2007)

Host cytokine genotype is related to adverse prognosis and systemic
inflammation in gastro-oesophageal cancer. Ann Surg Oncol 14:
329-339. doi:10.1245/s10434-006-9122-9. PubMed: 17103073.

. Corréa GT, Bandeira GA, Cavalcanti BG, de Carvalho Fraga CA, dos

Santos EP et al. (2011) Association of -308 TNF-alpha promoter
polymorphism with clinical aggressiveness in patients with head and
neck squamous cell carcinoma. Oral Oncol 47: 888-894. doi:10.1016/
j.oraloncology.2011.07.001. PubMed: 21788151.

. Bonizzi G, Karin M (2004) The two NF-kappaB activation pathways and

their role in innate and adaptive immunity. Trends Immunol 25:
280-288. doi:10.1016/j.it.2004.03.008. PubMed: 15145317.

. Baldwin AS Jr. (1996) The NF-kappa B and | kappa B proteins: new

discoveries and insights. Annu Rev Immunol 14: 649-683. doi:10.1146/
annurev.immunol.14.1.649. PubMed: 8717528.

. Siebenlist U, Franzoso G, Brown K (1994) Structure, regulation and

function of NF-kappa B. Annu Rev Cell Biol 10: 405-455. doi:10.1146/
annurev.cellbio.10.1.405. PubMed: 7888182.

Whiteside ST, Israél A (1997) | kappa B proteins: structure, function
and regulation. Semin Cancer Biol 8: 75-82. doi:10.1006/scbi.
1997.0058. PubMed: 9299585.

Kang MR, Kim MS, Kim SS, Ahn CH, Yoo NJ et al. (2009) NF-kappaB
signalling proteins p50/p105, p52/p100, RelA, and IKKepsilon are over-
expressed in oesophageal squamous cell carcinomas. Pathology 41:
622-625. doi:10.3109/00313020903257756. PubMed: 20001340.

Tian F, Zang WD, Hou WH, Liu HT, Xue LX (2006) Nuclear factor-kB
signaling pathway constitutively activated in esophageal squamous cell
carcinoma cell lines and inhibition of growth of cells by small interfering
RNA. Acta Biochim Biophys Sin (Shanghai) 38: 318-326. doi:10.1111/j.
1745-7270.2006.00166.x. PubMed: 16680372.

Yasui K, Imoto I, Fukuda Y, Pimkhaokham A, Yang ZQ et al. (2001)
Identification of target genes within an amplicon at 149q12-q13 in
esophageal squamous cell carcinoma. Genes Chromosomes Cancer
32: 112-118. doi:10.1002/gcc.1172. PubMed: 11550278.

Zou YF, Yuan FL, Feng XL, Tao JH, Ding N et al. (2011) Association
between NFKB1 -94ins/delATTG promoter polymorphism and cancer
risk: a meta-analysis. Cancer Invest 29: 78-85. doi:
10.3109/07357907.2010.535054. PubMed: 21166501.

Gao J, Pfeifer D, He LJ, Qiao F, Zhang Z et al. (2007) Association of
NFKBIA polymorphism with colorectal cancer risk and prognosis in
Swedish and Chinese populations. Scand J Gastroenterol 42: 345-350.
doi:10.1080/00365520600880856. PubMed: 17354114.

Lin CW, Hsieh YS, Hsin CH, Su CW, Lin CH et al. (2012) Effects of
NFKB1 and NFKBIA gene polymorphisms on susceptibility to
environmental factors and the clinicopathologic development of oral
cancer. PLOS ONE 7: e35078. doi:10.1371/journal.pone.0035078.
PubMed: 22509384.

Cheng CW, Su JL, Lin CW, Su CW, Shih CH et al. (2013) Effects of
NFKB1 and NFKBIA gene polymorphisms on hepatocellular carcinoma
susceptibility and clinicopathological features. PLOS ONE 8: €56130.
doi:10.1371/journal.pone.0056130. PubMed: 23457512.

Kim JG, Sohn SK, Chae YS, Moon JH, Kim SN et al. (2009) No
association of the NFKB1 insertion/deletion promoter polymorphism
with survival in patients with gastric cancer. Jpn J Clin Oncol 39:
497-501. doi:10.1093/jjco/hyp056. PubMed: 19509001.

Lehnerdt GF, Bankfalvi A, Grehl S, Adamzik M, Lang S et al. (2008) No
association of the NF-kappaB1 -94ins/delATTG  promoter

PLOS ONE | www.plosone.org

11

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Role of TNFA, NFKB1 and NFKBIA Variants in ESCC

polymorphism with relapse-free and overall survival in patients with
squamous cell carcinomas of the head and neck region. Int J
Immunopathol Pharmacol 21: 827-832. PubMed: 19144268.

Jain M, Kumar S, Lal P, Tiwari A, Ghoshal UC et al. (2007) Association
of genetic polymorphisms of N-acetyltransferase 2 and susceptibility to
esophageal cancer in north Indian population. Cancer Invest 25:
340-346. doi:10.1080/07357900701358074. PubMed: 17661210.

Miller SA, Dykes DD, Polesky HF (1988) A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res 16:
1215. doi:10.1093/nar/16.3.1215. PubMed: 3344216.

Ye S, Dhillon S, Ke X, Collins AR, Day IN (2001) An efficient procedure
for genotyping single nucleotide polymorphisms. Nucleic Acids Res 29:
E88-E88. doi:10.1093/nar/29.17.e88. PubMed: 11522844.

Zhou B, Rao L, Li Y, Gao L, Wang Y et al. (2009) A functional insertion/
deletion polymorphism in the promoter region of NFKB1 gene
increases susceptibility for nasopharyngeal carcinoma. Cancer Lett
275: 72-76. doi:10.1016/j.canlet.2008.10.002. PubMed: 19006646.

He Y, Zhang H, Yin J, Xie J, Tan X et al. (2009) lkappaBalpha gene
promoter polymorphisms are associated with hepatocarcinogenesis in
patients infected with hepatitis B virus genotype C. Carcinogenesis 30:
1916-1922. doi:10.1093/carcin/bgp226. PubMed: 19797428.
Gauderman WJ, Morrison JM (2006) QUANTO 1.1: A computer
program for power and sample size calculations for genetic-
epidemiology studies. http://hydrauscedu/gxe.

Dupont WD, Plummer WD (1997) PS power and sample size program
available for free on the internet. Control Clin Trials 18: 274. doi:
10.1016/S0197-2456(97)00074-3.

Yoo J, Seo B, Kim Y (2005) SNPAnalyzer: a web-based integrated
workbench for single-nucleotide polymorphism analysis. Nucleic Acids
Res 33: W483-W488. doi:10.1093/nar/gki428. PubMed: 15980517.
Upadhyay R, Jain M, Kumar S, Ghoshal UC, Mittal B (2008)
Association of interleukin-6 (-174G>C) promoter polymorphism with risk
of squamous cell esophageal cancer and tumor location: an exploratory
study. Clin Immunol 128: 199-204. doi:10.1016/j.clim.2008.03.519.
PubMed: 18502691.

Tao YP, Wang WL, Li SY, Zhang J, Shi QZ et al. (2012) Associations
between polymorphisms in IL-12A, IL-12B, IL-12Rbeta1, IL-27 gene
and serum levels of IL-12p40, IL-27p28 with esophageal cancer. J
Cancer Res Clin  Oncol 138: 1891-1900. doi:10.1007/
s00432-012-1269-0. PubMed: 22740240.

Wilson AG, de Vries N, Pociot F, di Giovine FS, van der Putte LB et al.
(1993) An allelic polymorphism within the human tumor necrosis factor
alpha promoter region is strongly associated with HLA A1, B8, and DR3
alleles. J Exp Med 177: 557-560. doi:10.1084/jem.177.2.557. PubMed:
8426126.

Abraham LJ, French MA, Dawkins RL (1993) Polymorphic MHC
ancestral haplotypes affect the activity of tumour necrosis factor-alpha.
Clin Exp Immunol 92: 14-18. PubMed: 8096802.

Wilson AG, Symons JA, McDowell TL, McDevitt HO, Duff GW (1997)
Effects of a polymorphism in the human tumor necrosis factor alpha
promoter on transcriptional activation. Proc Natl Acad Sci U S A 94:
3195-3199. doi:10.1073/pnas.94.7.3195. PubMed: 9096369.

Louis E, Franchimont D, Piron A, Gevaert Y, Schaaf-Lafontaine N et al.
(1998) Tumour necrosis factor (TNF) gene polymorphism influences
TNF-alpha production in lipopolysaccharide (LPS)-stimulated whole
blood cell culture in healthy humans. Clin Exp Immunol 113: 401-406.
doi:10.1046/j.1365-2249.1998.00662.x. PubMed: 9737669.

Karban AS, Okazaki T, Panhuysen Cl, Gallegos T, Potter JJ et al.
(2004) Functional annotation of a novel NFKB1 promoter polymorphism
that increases risk for ulcerative colitis. Hum Mol Genet 13: 35-45.
PubMed: 14613970.

Tang T, Cui S, Deng X, Gong Z, Jiang G et al. (2010) Insertion/deletion
polymorphism in the promoter region of NFKB1 gene increases
susceptibility for superficial bladder cancer in Chinese. DNA Cell Biol
29: 9-12. doi:10.1089/dna.2009.0937. PubMed: 19778281.

Zhou B, Qie M, Wang Y, Yan L, Zhang Z et al. (2010) Relationship
between NFKB1 -94 insertion/deletion ATTG polymorphism and
susceptibility of cervical squamous cell carcinoma risk. Ann Oncol 21:
506-511. doi:10.1093/annonc/mdp507. PubMed: 19892748.

Zhang P, Wei Q, Li X, Wang K, Zeng H et al. (2009) A functional
insertion/deletion polymorphism in the promoter region of the NFKB1
gene increases susceptibility for prostate cancer. Cancer Genet
Cytogenet 191: 73-77. doi:10.1016/j.cancergencyto.2009.01.017.
PubMed: 19446741.

Riemann K, Becker L, Struwe H, Ribben H, Eisenhardt A et al. (2007)
Insertion/deletion polymorphism in the promoter of NFKB1 as a
potential molecular marker for the risk of recurrence in superficial
bladder cancer. Int J Clin Pharmacol Ther 45: 423-430. doi:10.5414/
CPP45423. PubMed: 17725175.

December 2013 | Volume 8 | Issue 12 | 81999


http://dx.doi.org/10.1089/gtmb.2011.0068
http://www.ncbi.nlm.nih.gov/pubmed/21631297
http://dx.doi.org/10.1111/j.1600-0714.2005.00359.x
http://www.ncbi.nlm.nih.gov/pubmed/16202081
http://dx.doi.org/10.1111/IGC.0b013e3181a3a3af
http://dx.doi.org/10.1111/IGC.0b013e3181a3a3af
http://www.ncbi.nlm.nih.gov/pubmed/19823053
http://dx.doi.org/10.1007/s13277-012-0408-1
http://www.ncbi.nlm.nih.gov/pubmed/22592655
http://dx.doi.org/10.1159/000078803
http://www.ncbi.nlm.nih.gov/pubmed/15263792
http://dx.doi.org/10.1245/s10434-006-9122-9
http://www.ncbi.nlm.nih.gov/pubmed/17103073
http://dx.doi.org/10.1016/j.oraloncology.2011.07.001
http://dx.doi.org/10.1016/j.oraloncology.2011.07.001
http://www.ncbi.nlm.nih.gov/pubmed/21788151
http://dx.doi.org/10.1016/j.it.2004.03.008
http://www.ncbi.nlm.nih.gov/pubmed/15145317
http://dx.doi.org/10.1146/annurev.immunol.14.1.649
http://dx.doi.org/10.1146/annurev.immunol.14.1.649
http://www.ncbi.nlm.nih.gov/pubmed/8717528
http://dx.doi.org/10.1146/annurev.cellbio.10.1.405
http://dx.doi.org/10.1146/annurev.cellbio.10.1.405
http://www.ncbi.nlm.nih.gov/pubmed/7888182
http://dx.doi.org/10.1006/scbi.1997.0058
http://dx.doi.org/10.1006/scbi.1997.0058
http://www.ncbi.nlm.nih.gov/pubmed/9299585
http://dx.doi.org/10.3109/00313020903257756
http://www.ncbi.nlm.nih.gov/pubmed/20001340
http://dx.doi.org/10.1111/j.1745-7270.2006.00166.x
http://dx.doi.org/10.1111/j.1745-7270.2006.00166.x
http://www.ncbi.nlm.nih.gov/pubmed/16680372
http://dx.doi.org/10.1002/gcc.1172
http://www.ncbi.nlm.nih.gov/pubmed/11550278
http://dx.doi.org/10.3109/07357907.2010.535054
http://www.ncbi.nlm.nih.gov/pubmed/21166501
http://dx.doi.org/10.1080/00365520600880856
http://www.ncbi.nlm.nih.gov/pubmed/17354114
http://dx.doi.org/10.1371/journal.pone.0035078
http://www.ncbi.nlm.nih.gov/pubmed/22509384
http://dx.doi.org/10.1371/journal.pone.0056130
http://www.ncbi.nlm.nih.gov/pubmed/23457512
http://dx.doi.org/10.1093/jjco/hyp056
http://www.ncbi.nlm.nih.gov/pubmed/19509001
http://www.ncbi.nlm.nih.gov/pubmed/19144268
http://dx.doi.org/10.1080/07357900701358074
http://www.ncbi.nlm.nih.gov/pubmed/17661210
http://dx.doi.org/10.1093/nar/16.3.1215
http://www.ncbi.nlm.nih.gov/pubmed/3344216
http://dx.doi.org/10.1093/nar/29.17.e88
http://www.ncbi.nlm.nih.gov/pubmed/11522844
http://dx.doi.org/10.1016/j.canlet.2008.10.002
http://www.ncbi.nlm.nih.gov/pubmed/19006646
http://dx.doi.org/10.1093/carcin/bgp226
http://www.ncbi.nlm.nih.gov/pubmed/19797428
http://hydra.usc.edu/gxe/
http://dx.doi.org/10.1016/S0197-2456(97)00074-3
http://dx.doi.org/10.1093/nar/gki428
http://www.ncbi.nlm.nih.gov/pubmed/15980517
http://dx.doi.org/10.1016/j.clim.2008.03.519
http://www.ncbi.nlm.nih.gov/pubmed/18502691
http://dx.doi.org/10.1007/s00432-012-1269-0
http://dx.doi.org/10.1007/s00432-012-1269-0
http://www.ncbi.nlm.nih.gov/pubmed/22740240
http://dx.doi.org/10.1084/jem.177.2.557
http://www.ncbi.nlm.nih.gov/pubmed/8426126
http://www.ncbi.nlm.nih.gov/pubmed/8096802
http://dx.doi.org/10.1073/pnas.94.7.3195
http://www.ncbi.nlm.nih.gov/pubmed/9096369
http://dx.doi.org/10.1046/j.1365-2249.1998.00662.x
http://www.ncbi.nlm.nih.gov/pubmed/9737669
http://www.ncbi.nlm.nih.gov/pubmed/14613970
http://dx.doi.org/10.1089/dna.2009.0937
http://www.ncbi.nlm.nih.gov/pubmed/19778281
http://dx.doi.org/10.1093/annonc/mdp507
http://www.ncbi.nlm.nih.gov/pubmed/19892748
http://dx.doi.org/10.1016/j.cancergencyto.2009.01.017
http://www.ncbi.nlm.nih.gov/pubmed/19446741
http://dx.doi.org/10.5414/CPP45423
http://dx.doi.org/10.5414/CPP45423
http://www.ncbi.nlm.nih.gov/pubmed/17725175

49.

50.

51.

52.

53.

Riemann K, Becker L, Struwe H, Niickel H, Diihrsen U et al. (2006) No
association of the NFKB1 insertion/deletion promoter polymorphism
with survival in colorectal and renal cell carcinoma as well as disease
progression in B-cell chronic lymphocytic leukemia. Pharmacogenet
Genomics 16: 783-788. doi:10.1097/01.fpc.0000230414.74726.6.
PubMed: 17047486.

Bouman A, Heineman MJ, Faas MM (2005) Sex hormones and the
immune response in humans. Hum Reprod Update 11: 411-423. doi:
10.1093/humupd/dmi008. PubMed: 15817524.

Jain SK, Kannan K, Prouty L (2004) Progesterone, but not 17beta-
estradiol, increases TNF-alpha secretion in U937 monocytes. Cytokine
26: 102-105. doi:10.1016/j.cyt0.2004.01.002. PubMed: 15135803.
Umar M, Upadhyay R, Kumar S, Ghoshal UC, Mittal B (2011) CASP8
-652 6N del and CASP8 IVS12-19G>A gene polymorphisms and
susceptibility/prognosis of ESCC: a case control study in northern
Indian population. J Surg Oncol 103: 716-723. doi:10.1002/js0.21881.
PubMed: 21308686.

Upadhyay R, Khurana R, Kumar S, Ghoshal UC, Mittal B (2011) Role
of survivin gene promoter polymorphism (-31G>C) in susceptibility and

PLOS ONE | www.plosone.org

12

54.

55.

56.

Role of TNFA, NFKB1 and NFKBIA Variants in ESCC

survival of esophageal cancer in northern India. Ann Surg Oncol 18:
880-887. doi:10.1245/s10434-010-1371-y. PubMed: 20957442.

Kim WW, Hong KH, Jang WH, Kim HI, Seo JY et al. (2005) Tumor
Necrosis Factor-alpha-308G/A Promoter Polymorphism is Associated
with the Severity of Gastric Carcinomas. J Korean Surg Soc 68:
288-295.

Song S, Chen D, Lu J, Liao J, Luo Y et al. (2011) NFkappaB1 and
NFkappaBIA polymorphisms are associated with increased risk for
sporadic colorectal cancer in a southern Chinese population. PLOS
ONE 6: €21726. doi:10.1371/journal.pone.0021726. PubMed:
21738780.

Bu H, Rosdahl I, Sun XF, Zhang H (2007) Importance of
polymorphisms in NF-kappaB1 and NF-kappaBlalpha genes for
melanoma risk, clinicopathological features and tumor progression in
Swedish melanoma patients. J Cancer Res Clin Oncol 133: 859-866.
doi:10.1007/s00432-007-0228-7. PubMed: 17492467.

December 2013 | Volume 8 | Issue 12 | 81999


http://dx.doi.org/10.1097/01.fpc.0000230414.74726.f6
http://www.ncbi.nlm.nih.gov/pubmed/17047486
http://dx.doi.org/10.1093/humupd/dmi008
http://www.ncbi.nlm.nih.gov/pubmed/15817524
http://dx.doi.org/10.1016/j.cyto.2004.01.002
http://www.ncbi.nlm.nih.gov/pubmed/15135803
http://dx.doi.org/10.1002/jso.21881
http://www.ncbi.nlm.nih.gov/pubmed/21308686
http://dx.doi.org/10.1245/s10434-010-1371-y
http://www.ncbi.nlm.nih.gov/pubmed/20957442
http://dx.doi.org/10.1371/journal.pone.0021726
http://www.ncbi.nlm.nih.gov/pubmed/21738780
http://dx.doi.org/10.1007/s00432-007-0228-7
http://www.ncbi.nlm.nih.gov/pubmed/17492467

	Association of Common Polymorphisms in TNFA, NFkB1 and NFKBIA with Risk and Prognosis of Esophageal Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	Ethics statement
	Subject recruitment
	DNA extraction and SNP genotyping
	Statistical analysis

	Results
	Characteristics of subjects included in susceptibility analysis
	Characteristics of subjects included in survival analysis
	Association of the TNFA-308 G>A, NFKB1 -94ATTG ins/del and NFKBIA (-826 C>T and 3’ UTR A>G) polymorphisms with overall risk of ESCC
	Survival analysis
	Gender specific association of inflammatory gene polymorphisms
	Interaction of the polymorphisms with environmental risk factors
	Linkage disequilibrium and haplotype analysis of NFKBIA polymorphisms
	Combined risk genotype analysis of TNFA-308 G>A, NFKB1 -94ATTG ins/del and NFKBIA (-826 C>T and 3’UTR A>G) polymorphisms
	Multi-dimensionality reduction (MDR) analysis

	Discussion
	Supporting Information
	Author Contributions
	References


