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Abstract

Background and Objectives To investigate a potential

association between single-nucleotide polymorphisms

(SNPs) and haplotypes at the TNFA-LTA locus and the

development of oral cancer in an Indian population.

Materials and Methods In this study, 150 oral precan-

cer/cancer samples (50 precancer and 100 cancer), along

with an equal number of control samples, were genotyped.

Six SNPs at the TNF-LTA locus (i.e., -238G/A, -308G/A,

-857C/T, -863C/A, -1031T/C, and ?252A/G) were

analyzed by use of a polymerase chain reaction–restriction

fragment length polymorphism method, the assay was

validated by sequencing 10 % of samples.

Results The allelic frequencies of TNFA and LTA SNPs

were found to be significantly associated with the risk of

oral cancer and precancerous lesions in comparison with

controls (P\0.0003). Further haplotypic analysis showed

that two haplotypes (ATCTGG and ACACGG) served as

risk haplotypes for oral cancer. These haplotypes were also

found to be significantly and positively associated with

lifestyle habits (tobacco chewing P = 0.04, odds ratio

[OR] 3.4) and socioeconomic status (P = 0.01, OR 3.4).

We noticed an increased percentage of risk haplotypes

correlating with the aggressiveness of oral cancer. The

percentages of risk haplotypes were found to be threefold

higher in precancer and fourfold higher in advanced stages

of oral cancer in comparison with controls.

Conclusion Five SNPs at the TNF-LTA locus (i.e., -308G

[A, -857C[T, -863C[A, -1031T[C, and ?252A[G)

were found to be associated with the development of oral

cancer. Two haplotypes (ATCTGG and ACACGG)

emerged as major risk haplotypes for oral carcinoma pro-

gression and were also found to be associated with lifestyle

factors and clinical aggressiveness. These findings make

the TNF-LTA locus a suitable candidate for a future bio-

marker, which may be used either for early detection or for

helping to improve treatment efficacy and effectiveness.K. Bandil and P. Singhal contributed equally to this work.
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Key Points

SNPs at the TNFA-LTA locus are associated with

susceptibility to oral cancer progression in an Indian

population.

Two haplotypes, ATCTGG and ACACGG, show a

risk for oral cancer in India.

The TNF-LTA locus may serve as a biomarker for

tobacco-associated oral cancer predisposition.

1 Introduction

Oral cancer is one of the most prevelent diseases world-

wide. According to the Global Burden of Cancer 2013, lip

and oral cancer ranked 11th globally, but in developing

countries such as India, it ranked in second position [1].

Most of the cases (80 %) are diagnosed only in the final

stage of cancer, leading to a low patient survival rate

despite various advanced therapeutic efforts. Responses to

similar existing treatments vary from patient to patient

even in the same stage of cancer; therefore, new strategies

are needed to improve survival rates.

In the Indian population, the high incidence of oral

cancer is attributed to a number of etiological factors. The

etiology of oral malignancy is very complex and multi-

factorial, as its pathogenesis and progression include many

environmental factors (smoking, tobacco chewing, and

alcohol drinking) and genetic factors (oncogenes, immune

response and suppressor genes) [2]. Nicotine exposure has

been established (as either tobacco chewing or tobacco

smoking) as a risk factor for oral squamous cell carcinoma

(OSCC) in several previous studies [3, 4]. Despite the risk

of nicotine exposure, some patients do not develop oral

cancer; therefore, there must be other factors that also

influence the susceptibility of tobacco-exposed individuals

to malignancy, and these may include a combination of

total tobacco exposure and genetic susceptibility. This

suggests that genes involved in immunomodulation are

worth studying.

Cytokines, a group of immune proteins, are involved in

inflammation, immunity, and protection against infections.

Cytokines that have previously been implicated in tumor

and inflammation events include tumor necrosis factor

(TNF)-a and TNF-b, and lymphotoxin-a (LTA), which are

encoded by the TNFA and LTA genes, respectively. These

immunomodulating genes are located within the major

histocompatibility complex (MHC) centromeric to HLA-B

and telomeric to class III genes. Expression of TNF-a is

mostly synchronized at the transcriptional level and cell

cycle regulation [5]. Polymorphisms in TNF have been

intensively studied as a potential determinant of disease

susceptibility in a number of diseases where TNF levels are

considered to be important.

Several single-nucleotide polymorphisms (SNPs) have

been identified primarily in the promoter region of TNF.

Most of the polymorphisms studied were focused on TNFA

-308G[A (rs1800629) and -238G[A (rs361525).

Besides the above, the TNFA -857C[T (rs1799724),

-863C[A (rs1800630), and -1031T[C (rs1799964) loci

have emerged as important candidates accounting for the

increased risk of cancer development [6–8]. A polymor-

phism in LTA 252A[G (rs909253) has also been associated

with oral carcinoma, but the functional assays described in

the literature remain conflicting [9, 10], and the outcomes

of those studies were inconsistent.

To date, there has been little documented evidence about

these SNPs in the context of the Indian population.

Therefore, we investigated the frequency of these SNPs in

oral cancer patients of Indian origin. This study also sug-

gested a role of the reported SNPs in disease progression in

the context of lifestyle factors.

Therefore, the present study was designed to evaluate

the association between SNPs and haplotypes in the TNFA-

LTA locus (rs361525, rs1800629, rs1799724, rs1800630,

rs1799964, and rs909253) and susceptibility to oral carci-

noma. In addition, we also investigated the combined effect

of these SNPs through haplotype analysis and we corre-

lated the impact of demographic characteristics on oral

cancer. To the best of our knowledge, this is the first such

study carried out in India, as well as globally.

2 Material and Methods

2.1 Sample Collection

In the present study, samples from a total of 300 consec-

utive subjects, consisting of 150 histologically confirmed

oral cancer tissue biopsy samples (50 precancer and 100

cancer cases) and 150 scraped cell samples from healthy

control subjects (persons undergoing routine physical

checkups or with some other oral-related problem such as

muscular swelling or bleeding, etc.) of similar age and

ethnicity, were included. Categorization and grading of the

precancer (variation in normal cells associated with an

increased risk of cancer) [11] and cancerous lesions were

done according to World Health Organization (WHO)

criteria. Written consent was obtained from all subjects,

and the study was carried out in accordance with the

principles of the Declaration of Helsinki. In the written

consents, we also documented information about the life-

style habits of both cases and controls, who included
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alcohol drinkers (average 100–150 mL daily at least 3–4

times weekly), tobacco chewers (4–6 packs per day) and

smokers (three or more cigarettes per day). These criteria

were decided upon after consultation with doctors and

study of guidelines from the Centers for Disease Control

and Prevention and the WHO, and previous reports

[12, 13]. The subjects’ socioeconomic status was also

recorded according to Kuppuswamy’s socioeconomic sta-

tus [14]. The study was approved by the ethics committee

of the institute.

2.2 DNA Extraction

Genomic DNA was extracted from freshly collected tissue

samples from oral cancer/precancer patients and oral

scrape cells from healthy control subjects by a standard

method using proteinase K followed by phenol/chloro-

form/isopropanol treatment [15].

2.3 SNP Genotyping of TNFA and LTA Genes

by PCR–RFLP

Five polymorphic sites in the promoter region of the TNF

gene (-308, -238, -857, -863, and -1031) and one in

LTA (?252) were genotyped with PCR according to the

method mentioned in a previous study from our laboratory

[7]. The six amplicons (-308, -238, -857, -863, and

-1031) were digested by NcoI, BglI, TaiI, TaiI, BbsI, and

NcoI restriction enzymes, respectively. The digested

products were run on 10 % native polyacrylamide gels. The

PCR primers and restriction enzyme list for RFLP analysis

is presented in Table 1 in the Electronic Supplementary

Material.

2.4 DNA Sequencing

We randomly selected 10 % of the samples for sequencing,

to validate the PCR-RFLP assay. Sequencing reactions

were carried out according to the conventional dideoxy

chain termination method, using an ABI Prism� 310

automated DNA sequencer (Applied Biosystems, USA).

2.5 Statistical Analysis

Data analysis was performed using the computer soft-

ware Quanto 1.1 (for the power of the study) and

GraphPad Instat version 3.3 (for statistical significance

in the study). Chi-squared tests/Fisher’s exact tests (for

smaller numbers in subgroup analysis) were used to

compare the distributions of TNFA and LTA polymor-

phisms between cancer patients, precancer patients, and

controls. The effects of lifestyle habits on the risk of oral

cancer were analyzed in the same way. Haplotype

patterns and multiple testing corrections were made by

Plink software. Confirmation of Hardy–Weinberg equi-

librium, linkage disequilibrium statistics, and association

of haplotypes with lifestyle habits were analyzed by

Haploview software (http://www.broad.mit.edu/mpg/

haploview) [16].

3 Results

3.1 Population Characteristics

Demographic data on the studied population are shown in

Table 1. The mean ages of the oral cancer patients, pre-

cancer patients, and controls were 49.56 ± 14.2,

45.52 ± 13.8, and 41.14 ± 10.37 years, respectively. The

cancer and precancer groups contained twice as many men

as women (P\0.05). The percentages of smokers, tobacco

chewers, and alcohol drinkers were 50, 64, and 12 %,

respectively, in the precancer group; 37, 70, and 8 %,

respectively, in the cancer group; and 56, 80, and 40 %,

respectively, in controls. Statistical significance was

observed more for cancerous patients than for precancer

patients in all three habits.

On further analysis, we noticed high percentages and

significant data for the risks of oral cancer and pre-

cancer among low-socioeconomic-group subjects (67 %

[P\ 0.0001] for oral cancer; 66 % [P = 0.0032] for pre-

cancer) in comparison with high-/medium-socioeconomic-

group subjects, which may have been due to low-quality

food and lifestyle habits adopted by those subjects. In terms

of histological grades, 15 % of samples had poorly dif-

ferentiated squamous cell carcinoma (PDSCC), 27 % had

moderately differentiated squamous cell carcinoma

(MDSCC), and 58 % had well differentiated squamous cell

carcinoma (WDSCC) (Table 1).

3.2 Genotypic Analysis of SNPs in the TNFA-LTA

Locus

The distribution of TNFA promoter SNPs (-238G/A, -308

G/A, -857C/T, -863C/A, and -1031T/C) and the TNFB/

LTA SNP (?252A/G) genotype for oral cancer cases,

precancer cases, and controls is depicted in Table 2.

Genotype frequencies of all polymorphisms were further

checked and were found to be in Hardy–Weinberg equi-

librium in both cases and controls (P\ 0.05).

3.2.1 TNFA -238G/A Polymorphism (rs361525) and Risk

of Oral Cancer

Higher frequencies of the TNFA -238 carrier geno-

type were observed (GA/AA) in precancer cases [22 %
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(11/50)] and in oral cancer cases [21 % (21/100)] when

compared to controls [15 % (22/150)], and the differences

were not statistically significant between oral cancer cases

and precancer cases compared with controls. The fre-

quency of the -238A allele was found to be 1.5 times

greater in precancer cases (14 %) and cancer cases

(14.5 %) than in controls (9.3 %).

3.2.2 TNFA -308G/A Polymorphism (rs1800629)

and Risk of Oral Cancer

The distribution of the carrier genotype (GA/AA) at-308G/A

was found to be significant for both precancer (P = 0.0236,

odds ratio [OR] 3.159, 95 % confidence interval [CI]

1.251–7.975) and cancer (P = 0.0174, OR 2.774, 95 % CI

1.248–6.163) in comparison with the control group. The fre-

quency of polymorphic allele A was found to be higher in

precancer cases (15 [15 %]) and oral cancer cases (29 [14.5

%]) than in the control group [16 (5.3 %)].

3.2.3 TNFA -857C/T Polymorphism (rs1799724)

and Risk of Oral Cancer

In TNFA -857C/T, the frequency of the carrier genotype

was 48 % (24/50) in precancer patients and 54 % (54/100) in

cancer patients, and it was found to be significantly associ-

ated with the risk of precancerous lesions (P \ 0.0001,

OR 7.222, 95 % CI 3.410–15.293) and cancerous lesions

(P \ 0.0001, OR 9.184, 95 % CI 4.842–17.419) in com-

parison with controls. We also observed a fivefold higher

Table 1 Demographic and clinical/epidemiological details of the studied population

Precancer cases [n (%)]

N = 50

Cancer cases [n (%)]

N = 100

All Cases [n (%)]

N = 150

Controls [n (%)]

N = 150

Age [years; mean ± SD] 45.52 ± 13.8 49.56 ± 14.2 48.21 ± 14.2 41.14 ± 10.37

Sex

Male 39 (78) 66 (66) 105 (70) 140 (93)

Female 11 (22) 34 (34) 45 (30) 10 (7)

P value 0.0052 \0.0001 \0.0001 Reference

OR (95 % CI) 3.949 (1.562–9.980) 7.212 (3.361–15.477) 6.000 (2.890–12.458) 1.0

Smoking tobacco

User 25 (50) 37 (37) 62 (41) 84 (56)

Nonuser 25 (50) 63 (63) 88 (59) 66 (44)

P value 0.5661 0.0049 0.0153 Reference

OR (95 % CI) 1.273 (0.6701–2.417) 2.167 (1.290–3.640) 1.806 (1.143–2.855) 1.0

Alcohol

User 6 (12) 8 (8) 14 (9) 61 (41)

Nonuser 44 (88) 92 (92) 136 (91) 89 (59)

P value 0.0004 \0.0001 \0.0001 Reference

OR (95 % CI) 5.026 (2.017–12.528) 7.882 (3.568–17.414) 6.658 (3.512–12.621) 1.0

Chewing tobacco

User 32 (64) 70 (70) 102 (68) 120 (80)

Nonuser 18 (36) 30 (30) 48 (32) 30 (20)

P value 0.0355 0.0964 0.0252 Reference

OR (95 % CI) 2.250 (1.114–4.543) 1.714 (0.9543–3.080) 1.882 (1.111–3.189) 1.0

Socioeconomic status

High/medium 17 (34) 33 (33) 50 (33) 89 (59)

Low 33 (66) 67 (67) 100 (67) 61 (41)

P value 0.0032 \0.0001 \0.0001 Reference

OR (95 % CI) 2.832 (1.449–5.534) 2.962 (1.745–5.028) 2.918 (1.823–4.672) 1.0

Histological grade

WDSCC 58 (58)

MDSCC 27 (27)

PDSCC 15 (15)

CI confidence interval, MDSCC moderately differentiated squamous cell carcinoma, OR odds ratio, PDSCC poorly differentiated squamous cell

carcinoma, SD standard deviation, WDSCC well differentiated squamous cell carcinoma
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Table 2 Distribution of TNFA and LTA genotypic/allelic frequencies among oral precancer and cancer samples, and healthy control samples

Genotype Precancer cases [n (%)]

N = 50

Cancer cases [n (%)]

N = 100

All Cases [n (%)]

N = 150

Controls [n (%)]

N = 150

TNFA -238G/A

GA/AA 11 (22) 21 (21) 32 (21) 22 (15)

GG 39 (78) 79 (79) 118 (79) 128 (85)

P value 0.322 0.2589 0.1762 Reference

OR (95 % CI) 1.641 (0.7316–3.681) 1.547 (0.7989–2.994) 1.578 (0.8678–2.869) 1.0

Allele frequency

A 14 (14) 29 (14.5) 43 (14.3) 28 (9.3)

G 86 (86) 171 (85.5) 257 (85.7) 272 (90.7)

P value 0.258 0.1016 0.0768 Reference

OR (95 % CI) 1.581 (0.7964–3.140) 1.647 (0.9471–2.866) 1.625 (0.9802–2.695) 1.0

TNFA -308G/A

GA/AA 10 (20) 18 (18) 28 (19) 11 (7)

GG 40 (80) 82 (82) 122 (81) 139 (93)

P value 0.0236 0.0174 0.0060 Reference

OR (95 % CI) 3.159 (1.251–7.975) 2.774 (1.248–6.163) 2.900 (1.385–6.071) 1.0

Allele frequency

A 15 (15) 29 (14.5) 44 (14.6) 16 (5.3)

G 85 (85) 171 (85.5) 256 (85.4) 284 (94.7)

P value 0.0036 0.0008 0.0002 Reference

OR (95 % CI) 3.132 (1.487–6.599) 3.010 (1.588–5.705) 3.051 (1.680–5.541) 1.0

TNFA -857C/T

CT/TT 24 (48) 54 (54) 78 (52) 17 (11)

CC 26 (52) 46 (46) 72 (48) 133 (89)

P value \0.0001 \0.0001 \0.0001 Reference

OR (95 % CI) 7.222 (3.410–15.293) 9.184 (4.842–17.419) 8.476 (4.661–15.413) 1.0

Allele frequency

T 31 (31) 60 (30) 91 (30.3) 19 (6.3)

C 69 (69) 140 (70) 209 (69.7) 281 (93.7)

P value \0.0001 \0.0001 \0.0001 Reference

OR (95 % CI) 6.645 (3.542–12.463) 6.338 (3.640–11.035) 6.439 (3.806–10.896) 1.0

TNFA -863C/A

CA/AA 15 (30) 53 (53) 68 (45) 27 (18)

CC 35 (70) 47 (47) 82 (55) 123 (82)

P value 0.1088 \0.0001 \0.0001 Reference

OR (95 % CI) 1.952 (0.9366–4.070) 5.137 (2.898–9.108) 3.778 (2.232–6.394) 1.0

Allele frequency

A 21 (21) 66 (33) 87 (29) 33 (11)

C 79 (79) 134 (67) 213 (71) 267 (89)

P value 0.0180 \0.0001 \0.0001 Reference

OR (95 % CI) 2.151 (1.178–3.927) 3.985 (2.499–6.355) 3.305 (2.130–5.128) 1.0

TNFA -1031T/C

TC/CC 21 (42) 63 (63) 84 (56) 33 (22)

TT 29 (58) 37 (37) 66 (44) 117 (39)

P value 0.0100 \0.0001 \0.0001 Reference

OR (95 % CI) 2.567 (1.298–5.077) 6.037 (3.446–10.574) 4.512 (2.728–7.464) 1.0

TNF-LTA SNPs/Haplotypes, Lifestyle Factors, and Oral Cancer 473



minor T allele frequency in precancer cases (31 %) and

cancer cases (30 %) in comparison with controls (6.3 %).

3.2.4 TNFA -863C/A Polymorphism (rs1800630)

and Risk of Oral Cancer

The carrier genotypes (CA/AA) at the -863 locus were

significantly related to susceptibility to, or development of,

oral cancer, with frequencies of 30 % (15/50), 53 % (53/

100), and 18 % (27/150) in precancer cases, cancer cases,

and controls, respectively. A minor allele frequency

(-863A) was also found to be higher in precancer (21 %)

and cancer (33 %) patients than in controls (11 %).

3.2.5 TNFA -1031T/C Polymorphism (rs1799964)

and Risk of Oral Cancer

The percentages of carrier genotype (CT/CC) distribution

at the -1031 locus of TNFA were found to be twofold

higher in precancer cases (42 %) and threefold higher in

cancer cases (63 %) than in controls (22 %). The minor

allelic C frequency was also revealed to be highly signifi-

cant in association with cancer (P \ 0.0001, OR 6.0,

95 % CI 3.4–10.5) and precancer (P = 0.0006, OR 2.6,

95 % CI 1.5–4.6) in comparison with controls.

3.2.6 LTA ?252A/G Polymorphism (rs909253) and Risk

of Oral Cancer

With regard to the frequency of carrier genotypes at LTA

?252 (AG/GG), a nonsignificant association was

observed with precancerous lesions (P = 0.1190,

OR 2.053, 95 % CI 9205–4.577) in comparison with

controls, while a significant difference in this SNP was

detected in the cancer group (P \ 0.0001, OR 3.500,

95 % CI 1.873–6.539) in comparison with controls. The

minor allelic frequencies of ?252G were found to be 30

% (15/50) in precancer cases, 19.5 % (39/100) in cancer

cases, and 8 % (24/150) in controls, which revealed a

significant association after analysis. Higher minor alle-

lic frequencies in precancerous lesions may be a possible

way to detect initiation of oral cancer at an early stage

(Table 2).

3.3 Effects of Lifestyle Habits on Risk of Oral

Cancer

Further analysis was performed to determine any correla-

tion between SNPs, tobacco and alcohol use, and the

socioeconomic status of the subjects. During the analysis,

we found that five SNPs (i.e., TNFA -308, -857, -863,

-1031, and LTA ?252) were significantly associated with

the risks of oral cancer and precancer in tobacco users

(P\0.05). For the habit of smoking, only three SNPs (i.e.,

TNFA -857, -863, and -1031) were found to be signif-

icantly associated with the risk of oral cancer, but when we

tried to assess the combined effect of SNPs and smoking on

the development of precancerous lesions, we could find

only one SNP (i.e., TNFA -857) that was significantly

associated with development of precancerous lesions. With

regard to alcohol drinking, interestingly, this showed a

significant association with cancer in TNFA -857, -863,

Table 2 continued

Genotype Precancer cases [n (%)]

N = 50

Cancer cases [n (%)]

N = 100

All Cases [n (%)]

N = 150

Controls [n (%)]

N = 150

Allele frequency

C 28 (28) 85 (42.5) 113 (37.6) 38 (12.6)

T 72 (72) 115 (57.5) 187 (62.4) 262 (87.4)

P value 0.0006 \0.0001 \0.0001 Reference

OR (95 % CI) 2.681 (1.541–4.664) 5.096 (3.279–7.920) 4.166 (2.757–6.295) 1.0

TNFB/LTA ?252A/G

GA/GG 12 (24) 35 (35) 47 (31) 20 (13)

AA 38 (76) 65 (65) 103 (69) 130 (87)

P value 0.1190 \0.0001 0.0003 Reference

OR (95 % CI) 2.053 (0.9205–4.577) 3.500 (1.873–6.539) 2.966 (1.654–5.318) 1.0

Allele frequency

G 15 (30) 39 (19.5) 54 (18) 24 (8)

A 85 (85) 161 (80.5) 246 (82) 276 (92)

P value 0.0645 0.0003 0.0004 Reference

OR (95 % CI) 2.029 (1.018–4.044) 2.786 (1.616–4.802) 2.524 (1.515–4.207) 1.0

CI confidence interval, OR odds ratio
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-1031, and LTA ?252, but no association with precan-

cerous lesions.

It is well established that cancer is a multifactorial dis-

ease, with genetic as well as environmental factors.

Socioeconomic status, as an environmental factor, plays an

important role in maintaining an individual’s lifestyle,

which also contributes to progression of disease. The data

from our study showed that the association between the

risk of cancer and socioeconomic status was more signifi-

cant in low-socioeconomic-group subjects than in high-/

medium-socioeconomic-group subjects (see Tables 2–7 in

the Electronic Supplementary Material).

The data revealed higher carrier genotypic frequencies

of the studied SNPs among tobacco chewers who devel-

oped oral cancer. The data were also significant for

smokers and alcohol drinkers but comparatively less sig-

nificant than those for tobacco chewers. It was concluded

that tobacco chewing, smoking, and alcohol drinking in

association with TNFA polymorphisms contribute to

development of oral cancer with the progression of disease

(see Tables 2–7 in the Electronic Supplementary Material).

3.4 Haplotypes and Progression of Oral Carcinoma

Haplotype analysis using the statistical software Haploview

and Plink showed the presence of 11 haplotypes, which are

shown in Table 3. The haplotypes presented in the

table were present in more than 1 % of the total population

studied. When we analysed our data for the cancer and

precancer groups, we observed that four haplotypes in the

cancer group (ATCCGG, ACACGG, ACATGG, and

GCCTGG) and two haplotypes in the precancer group

(ATCCGG and ATCTGG) were statistically significant

(P\ 0.05).

The associations of minor allele SNPs in haplotypes

with precancer, cancer, and total cases were found to be

more interesting. The minor ?252G allele was found in

two haplotypes (i.e., GTCCGG and GCCTGG) out of 11.

The GCCTGG haplotype showed significant values for

cancer cases (P = 0.023, OR 50.6).

The minor -1031C allele was found in five haplotypes

(ACCCGG, ACACGG, ACATGG, GCCTGG, and

ACCTGG). In cancer, out of a total of five haplotypes,

three haplotypes (ACACGG, ACATGG, and GCCTGG)

were statistically significant (P = 0.0029, OR 9.44;

P = 0.0034, OR 69.9; P = 0.0234, OR 50.6, respectively)

and positively associated with the risk of oral carcinoma.

However, we could not find any association of these hap-

lotypes with precancerous lesions.

The minor -863A allele was found in three haplotypes

(ATACGG, ACACGG, and ACATGG). In cancer, out of

three haplotypes, two haplotypes (ACACGG and

ACATGG) were statistically significant and positively

associated with the risk of oral carcinoma (P = 0.0029,

OR 9.44; P = 0.0034, OR 69.9, respectively). Interest-

ingly, for the precancer group, we could not find any sig-

nificant association for any of the haplotypes (Table 4).

The minor -857T allele was found in four haplotypes

(ATCTGG, ACATGG, GCCTGG, and ACCTGG). In

cancer, out of a total of four haplotypes, two (ACATGG

and GCCTGG) were observed to be statistically significant

(P = 0.0034, OR 69.9; P = 0.02, OR 50.6, respectively)

and positively associated with the risk of oral carcinoma.

Interestingly, the ATCTGG haplotype was found to be

significantly and positively (P = 0.003, OR 4.2) associated

with precancerous lesions.

The minor -1031C, -863A, and -857T alleles were

concurrently present in the ACATGG haplotype, which

was statistically significant and positively associated with

cancer (P = 0.0034, OR 69.9). However, it was not pre-

sent in precancer, possibly because of the smaller number

of precancer cases. In addition, the minor -1031C allele

was also linked with the -863A minor allele in ACACGG

haplotypes with a P = 0.0029 (OR 9.44) level of signif-

icance and a positive association with cancer, while in

precancer, there was a nonsignificant (P = 0.12, OR 3.7)

and positive association with oral cancer development.

The minor -1031C allele was also linked with the -857T

and ?252G minor alleles in GCCTGG with statistical

significance in cancer (P = 0.023, OR 50.6), but it was

not present in precancer, possibly because of the small

number of precancer cases. Apart from the above, the

minor -1031C allele was also linked with -857T in

ACCTGG haplotypes, with a nonsignificant result in

cancer (P = 0.172, OR 15.4), but in precancer, it was not

found.

Fascinatingly, the minor -308A and -238A alleles

were also found in ATCCAG and ATCCGA, respectively,

without positive associations and statistical significance in

haplotype analysis by Plink. In multiple testing studies, the

TNFA -238 SNP (rs361525) showed a nonsignificant

P value, while other SNPs showed significant P values at

the 0.05 level. Different multiple testing corrections are

listed in Table 8 in the Electronic Supplementary Material.

3.5 Risks of Oral Cancer with Lifestyle Habits

and Socioeconomic Status

For a better understanding of oral cancer etiology, we

examined associations between haplotype findings, life-

style habits (tobacco chewing, smoking, and alcohol

drinking), socioeconomic status, and clinical aggressive-

ness. All 11 haplotypes were divided into three groups on

the basis of their frequencies and significance in the studied

population for analysis. These three groups were desig-

nated as wild haplotypes (ATCCGG), risk haplotypes
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(ATCTGG ? ACACGG), and other haplotypes (ACCCG

G, ATACGG, GTCCGG, ATCCGA, ACATGG, ATCC

AG, GCCTGG, and ACCTGG). After analysis, risk hap-

lotypes were found to be significantly associated with

tobacco chewing (P = 0.04) and low socioeconomic status

(P = 0.01). Further, we also analyzed the effects of risk

haplotypes on progression of oral cancer (Table 5). After

the analysis, we found an increased percentage of risk

haplotypes associated with aggressiveness of oral cancer.

The percentage of risk haplotypes was 3-fold higher in

precancer cases than in controls, while for advanced stages

of cancer, it was increased fourfold.

4 Discussion

Oral cancer cases constitute approximately 40 % of total

cancers in the Indian population, and the number of cases is

continuously increasing from both the global and Indian

perspective. The etiology of oral cancer is quite complex,

where a host of genetic factors play a key role. Therefore, it

is important to evaluate the roles of different biomarkers in

oral cancer susceptibility for better understanding of the

disease etiology, which may contribute toward treatment

and early detection of cancer. TNFA and TNFB/LTA

polymorphisms have previously been reported to be

Table 3 Distribution frequencies of TNFA and LTA haplotypes among oral cancer and precancer samples, and healthy control samples

S no. Haplotype (LTA ?252A/G, TNFA

-1031T/C, -863C/A, -857C/T, -308G/A,

and -238G/A) frequency, N = 300

Cases [n (%)]

N = 150

Cancer cases [n (%)]

N = 100

Precancer cases [n (%)]

N = 50

Controls [n (%)]

N = 150

1 ATCCGG: 131; 0.437 41 (27) 27 (27) 14 (28) 90 (60)

P value \0.0001 \0.0001 \0.0001 Reference

OR 3.12 0.282 0.387 1

2 ACCCGG: 25; 0.083 14 (9) 9 (9) 5 (10) 11 (7.3)

P value 0.36 0.387 0.27 Reference

OR 0.744 1.36 1.6 1

3 ATCTGG: 18; 0.060 13 (9) 7 (7) 6 (12) 5 (3.3)

P value 0.02 0.283 0.003 Reference

OR 0.383 1.6 4.2 1

4 ATACGG: 17; 0.055 8 (5.3) 7 (7) 1 (2) 9 (6)

P value 0.74 0.74 0.18 Reference

OR 1.13 1.13 0.37 1

5 GTCCGG: 16; 0.052 8 (5.3) 5 (5) 3 (6) 8 (5.3)

P value 0.87 0.53 0.72 Reference

OR 0.944 0.74 1.2 1

6 ATCCGA: 13; 0.043 4 (2.67) 3 (3) 1 (2) 9 (6)

P value 0.08 0.139 0.307 Reference

OR 2.05 0.48 0.53 1

7 ACACGG: 10; 0.032 8 (5.3) 7 (7) 1 (2) 2 (1.3)

P value 0.0043 0.0029 0.12 Reference

OR 0.116 9.44 3.7 1

8 ACATGG: 9; 0.031 9 (6) 9 (9) 0 (0) 0 (0)

P value 0.003 0.0034 0 Reference

OR 0.016 69.9 0 1

9 ATCCAG: 6; 0.021 2 (1.3) 1 (1) 1 (2) 4 (2.67)

P value 0.286 0.37 0.73 Reference

OR 1.9 0.54 0.77 1

10 GCCTGG: 4; 0.014 4 (2.67) 4 (4) 0 (0) 0 (0)

P value 0.034 0.0234 0 Reference

OR 0.03 50.6 0 1

11 ACCTGG: 4; 0.013 3 (2) 3 (3) 0 (0) 1 (0.67)

P value 0.067 0.172 0 Reference

OR 0.021 15.4 0 1

OR odds ratio
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associated with inflammatory and immunomodulatory

diseases, including cancer, but the results were inconsis-

tent. Multiple SNPs of the functionally active TNF-LTA

locus are responsible for impaired function of the gene and

have been implicated in many cancers [17–19]. Some

studies have reported data suggesting that TNF polymor-

phisms alter expression of the gene. For example, cells

containing the -308A allele have been reported to produce

up to six times more messenger RNA than those containing

the -308G allele [20, 21]. Similarly the TNFB G/A poly-

morphism located at position 252 affects expression of the

gene and concentrations of TNF-a and TNF-b proteins in

plasma [10, 22]. Previously, our group has reported the role

of TNF-LTA SNPs/haplotype associations in the risks of

cervical and breast cancer [7, 23]. So, our interest was to

study the possible contribution of these TNFA and LTA

gene polymorphisms, either individually or in combination,

in the development of oral cancer, in association with

lifestyle-associated factors.

Individually, we observed a significant association

between the TNFA -308G/A SNP and a threefold

increased risk of oral cancer, as well as precancer, in

comparison with the minor allelic frequency in controls,

while the TNFA -238G/A SNP showed a nonsignificant

association with the risks of oral cancer and precancer.

Similar types of studies in Korean [24] and Taiwanese [8]

populations are also in agreement with our findings.

Polymorphism of TNFA -308 is associated with HLA

haplotypes, which play an important role in immune

responses [25]. In the Indian population, two other studies

have showed associations between the above two SNPs and

the risk of oral carcinoma, one of which was in agreement

with our findings [6], while the other conflicted with our

data [26]; this difference may have been due to different

habitats and lifestyle factors. Like oral cancer, other can-

cers have also shown almost similar patterns of association

[7, 27].

SNPs at -238(G/A) and -308(G/A) have been well

studied not only in oral cancer but also in other cancers [7];

it is tempting to speculate on the role of other SNPs [TNFA

-857(C/T), -863(C/A), and -1031(T/C)] in the patho-

genesis of oral cancer. We observed that -857T was

Table 4 Frequency of risk haplotypes in association with lifestyle factors in the development of oral cancer

Wild haplotype [n (%)]

N = 131

Risk haplotypes [n (%)]

N = 28

Other haplotypes [n (%)]

N = 141

P value OR

Chewing tobacco

Nonusers (N = 78) 47 (36) 4 (14) 27 (19) 0.04 3.4

Users (N = 222) 84 (64) 24 (86) 114 (81)

Smoking tobacco

Nonusers (N = 154) 73 (56) 16 (57) 65 (46) 0.89 0.94

Users (N = 146) 58 (44) 12 (43) 76 (54)

Alcohol

Nonusers (N = 225) 95 (73) 24 (86) 106 (75) 0.22 0.44

Users (N = 75) 36 (27) 4 (14) 35 (25)

Socioeconomic status

Low (N = 161) 70 (53) 7 (25) 84 (60) 0.01 3.4

High/medium (N = 139) 61 (47) 21 (75) 57 (40)

OR odds ratio

Table 5 Frequency of risk haplotypes in association with clinical aggressiveness in the advancement of oral cancer

Wild haplotype [n (%)]

N = 131

Risk haplotypes [n (%)]

N = 28

Other haplotypes [n (%)]

N = 141

P value OR

Controls, N = 150 90 (60) 7 (5) 53 (35) Reference Reference

Precancer cases, N = 50 14 (28) 7 (17) 29 (55) 0.002 6.4

Cancer cases, N = 100

WDSCC, N = 58 14 (24) 7 (12) 37 (44) 0.002 6.4

MDSCC, N = 27 9 (33) 4 (15) 14 (52) 0.03 5.7

PDSCC, N = 15 4 (27) 3 (20) 8 (53) 0.01 9.6

MDSCC moderately differentiated squamous cell carcinoma, OR odds ratio, PDSCC poorly differentiated squamous cell carcinoma,

WDSCC well differentiated squamous cell carcinoma
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present fivefold more frequently in both oral cancer and

precancer patients, whereas the presence of TNFA -863A

and -1031C was noticed to be twofold higher in precancer

and threefold higher in oral cancer patients, respectively, in

comparison with the control group. Previous studies have

also shown that TNF promoter activity is increased in

TNFA -857T, -863A and -1031C genotypes [28],

although contradictory findings have also been reported

[29, 30].

In addition to SNPs in TNFA, the ?252(A/G) SNP in

LTA has been found to be associated with oral cancer in the

Indian population, with twofold increased risks in both

cancer and precancer patients compared with controls. Our

findings are in accordance with the heterogeneity in the

LTA ?252(A/G) polymorphism shown in studies of oral

cancer in Greek and German populations [10] and also in

gastric cancer cases in a Korean population [31].

The strength of the present study was not only genotypic

but also haplotypic analysis, which showed the linkage

between minor alleles of multiple SNPs of the TNF gene.

Individual haplotype pairs, including TNFA -1031, -863,

and -857, were consistently associated with a significantly

increased risk of oral cancer. ATCTGG (with the minor

allele TNFA -857T) and ACACGG (with the minor alleles

-1031C and TNFA -863A) were found to be risk haplo-

type pairs for oral cancer and precancer in comparison with

controls. Our consistent findings from the different statis-

tical methodologies are quite meaningful and are supported

by other Asian population studies in different cancers [32].

Similar findings were observed in a sarcoidosis disease

study, which found a significant association with the hap-

lotype TCTgg (with the minor allele TNFA -857T) and a

nonsignificant association with CACgg (with the minor

alleles -1031C and -863A) haplotype pairs [33].

We found a synergistic relationship, in our combined

study of TNFA and LTA genotypes, with lifestyle habits

(smoking, tobacco chewing and alcohol drinking), which

personalized the risk of oral cancer. Smoking, alcohol

drinking, and tobacco chewing may play important roles in

the etiology of oral submucous fibrosis (OSF) and OSCC,

and may act in synergy [34–37]. In our study, the habit of

tobacco chewing was more significantly associated with

oral cancer and precancer than smoking or alcohol drink-

ing. Risk haplotypes (ATCTGG and ACACGG) showed

positive associations, with significant P values, in oral

cancer and precancer cases among people with low

socioeconomic status. It is possible that use of low-quality

products contributes to the pathogenesis of OSCC through

suppression of immune action by affecting the production

of inflammatory cytokines such as TNF-a [38–43]. Some

studies have reported that cigarette smoking suppresses

production of TNF-a, adversely affecting the function of

human natural killer (NK) cells and contributing to a higher

incidence of cancer [39, 42, 44].

Increasing trend of risk haplotype pairs with aggres-

siveness of disease has showed the correlation between

multiple SNPs and oral cancer development. Multiple

testing analyses also supported our findings. Bonferroni

calculations showed significant values for TNFA -308,

-857, -863, and -1031 and for LTA ?252, while TNFA

-238 had a nonsignificant value. No such study has been

conducted previously in oral cancer in India.

The major limitation of our study was its small sample

size. On the other hand, this type of small-scale case–

control study may be useful for planning of future inves-

tigations, providing information for large-scale studies with

proper study designs, proper sample sizes and relevant

clinical information, or for meta-analyses.

5 Conclusion

Out of six studied SNPs, five SNPs (i.e., -308 G[A, -857

C[T, -1031 T[C, -863 C[A, and ?252 A[G) were

found to be associated with development of oral cancer. In

combination, ATCTGG and ACACGG haplotypes

emerged as major risk haplotypes for oral carcinoma pro-

gression. In addition, we also observed a positive associ-

ation between risk haplotypes and tobacco use,

socioeconomic status and aggressiveness of tumors. Taking

together all of the above findings, we were able to

demonstrate that people with a history of tobacco use; the

ATCTGG and ACACGG risk haplotypes; and low

socioeconomic status are at higher risk of oral cancer

progression. This information could be used for early

detection of the disease, improving treatment efficacy and

effectiveness, which will ultimately contribute to the dis-

covery of personalized therapy.
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