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Short Communication

Oral cancer is ranked as the thirteenth most common cancer in the
world with an annual incidence of 300,373, mortality rate of 145,238
and five year prevalence of 702,149 [1]. In India, it is a major health
concern with an annual incidence of 77,003 constituting 26% of the
global burden [1]. The common sites in oral cancer primarily include
tongue (CO01, 2), alveolus and gingival (C03), floor of mouth (C04),
palate (C05) and buccal mucosa (C06) as per International
Classification of Diseases (ICD-10) guidelines. Despite the easy
accessibility and advances in treatment including surgery,
radiotherapy, chemotherapy and targeted biological therapy, the
prognosis of oral cancer is poor with a 5-year survival rate of 40% [2].
Tobacco and areca nut chewing are high risk factors of oral cancer,
particularly in Asian countries [3]. Tobacco and areca nut contain
several genotoxic and carcinogenic metabolites including tobacco-
specific nitrosamines, polycylic aromatic hydrocarbons, volatile
aldehydes and hydroquinones [4]. The nicotine derived nitrosamines-
N'nitrosonornicotine (NNN) and 4 (methylnitrosoamino)-1-(3
pyridyl)-1butanone (NNK), and areca nut alkaloids- arecoline and
arecaidine, may cause oral submucosal fibrosis (OSF), precancerous
oral lesions and oral cancer [5]. A dose response association has been
observed between frequency and duration of tobacco chewing and oral
lesions/malignancies [3]. Besides, alcohol and high risk oncogenic
virus HPV types 16/18 comprise important contributory risk factors to
oral cancer [6,7] as indicated in Table 1, with carcinogenicity often
dose-dependent.

Despite the lifestyle habits of exposure to high risk factors for oral
cancer with 80% attributable risk of tobacco per se, a small proportion
of the tobacco habitués develop persistent premalignant lesions, and
3-8% transform to the malignant phenotype [8]. Genomic variants,
somatic mutations and epigenetic regulation play a critical role in oral
cancer. The focus of the current communication is to highlight the role
of genomic variants commonly represented as Single Nucleotide
Polymorphisms (SNPs) in oral cancer. The SNPs are single base
changes present in >1% of an ethnic population, present in the exonic
coding region of the gene or in the non-coding intronic regions,
directly or indirectly affecting gene expression and function [9]. In the
intronic regions, SNPs may alter the three dimensional structure of
DNA resulting in changes in characteristics of the molecule such as
Gibbs free energy affecting stability of the molecule, and may impact
DNA polymerase activity and transcription factor binding [10]. SNPs
may be present in a single allele or both alleles resulting in
heterozygous or homozygous genotypes. The ancestral allele is the
wild-type (WT) allele and the altered allele is the SNP allele. The

differential frequency of the allelotypes and genotypes in a cancer case-
control cohort indicates association of the SNPs with the cancer.

High Risk | Carcinogenic compounds % Reference
factors Attributable
risk

Tobacco — N’nitrosonornicotine (NNN), 75-80 [4,5,29]
Smoking and| 4 (methylnitrosoamino)-1-(3
smokeless pyridyl)-1butanone (NNK)
Areca nut arecoline and arecaidine 50 [4,29]
(with/without
betel nut)
Alcohol N-nitroso  compounds  (beers), | 7-19 [6,26,29]

mycotoxins (wines and maize

beer), urethan (fruit brandies),

tannins (wines), inorganic arsenic

and other pesticide residues, and

asbestos filtration products
HPV 16/18 E6 and E7 oncogenic proteins 5-10 [7,27,28]
Diet (Probable | Micronutrient deficiency 10-15 [29]
Risk)

Table 1: High risk factors associated with oral cancer.

DNA methylation is an epigenetic regulation resulting in
transcriptional silencing of genes and plays an important role in early
and advanced stages of oral cancer [11]. The relationship between
SNPs and DNA methylation have been studied in several non-
communicable diseases including obesity [12], bipolar disorder [13],
alcohol dependence [14], as well as cancers of breast, colon, lung, liver,
kidney, prostate, etc [15]. Methylation quantitative trait loci (meQTL),
demonstrates a direct relationship between SNPs and DNA
methylation, with SNPs in non-coding sequences regulating
methylation with functional roles in cancer [15]. SNPs and DNA
methylation have been independently investigated in oral cancer; and
thus a link between the two regulatory functions is not established.

SNP studies in various populations emphasize association of SNPs
with risk predisposition or susceptibility to oral cancer. Our group has
recently reviewed SNPs in oral cancer in a meta-analysis study and
defined 34 SNPs in 30 genes significantly associated with oral cancer
[16]. The SNPs associated with oral cancer in multiple studies and
varied populations included SNP rs1800471 in TGF-p gene with GC
genotype associated with increased risk and GG genotype with
decreased risk; SNP rs1048943 in CYP1A1 gene resulting in increased
risk with AG+GG genotypes and decreased risk with WT AA
genotype. GSTM1 null genotype showed association with increased
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risk and the WT with decreased risk. Similarly heterozygous genotypes
of SNP rs1800870-AG in /L-10 gene, rs11549467-GA in HIF gene and
rs861539-CT in XRCC3 genes, indicated increased risk of oral cancer;
whereas the corresponding WT genotypes were associated with
decreased risk. On the other hand, the WT genotype rs1801133-CC in

MTHFR, and rs20417-GG in COX-2 demonstrated an increased risk,
with the corresponding SNP homozygous genotypes TT and CC
respectively, associated with decreased risk [16] as indicated in Table 2.
The meta-analysis studies provide cumulative data on a number of
SNPs in various ethnic populations.

SNP (Gene) Genotype P-value Reference SNP (Gene) Genotype Pvalue Reference
rs1982073 (TGF-1) TT p=0.0004, [30] rs16944 (IL - 1B) TT p=0.017: [43]
CC p=0.0004 CT+TT p=0.02
rs189037 (ATM) AA P=3.71710-6 [31] rs187238 (IL-18) GC p=0.003 [44]
rs34329 (p27) GG P<0.0001 [32] rs1800625 (RAGE) TC P<0.05; [45]
TC+CC P<0-05
rs3092904 (Rb) AA P=0.006 rs1801157 (SDF-1) GA P<0.05 [46]
rs647451 (Cyclin D1) CT p0.0001, rs2124437 (RASGRP3) AA P<0.000 9]
TT p<0.0001
rs3217901 (Cyclin D2) AG <0.0001; rs4512367 (PREX2) CC P=0.008: 9]
GG P<0.0001 CT p=0.004.
TT p<0.000
rs1406 (Cyclin E) GT p<0.0001; rs1335022 (GRIK2) CT P=0.028; [19]
TT p<0.0001 TT p=0.008
rs3093816 (Cyclin H) TC pe0-000%; rs1800734 (hMLH1T) GG p=0.006 [47]
cC p<0.0001
rs14133 (CRYAB) GG P=0-0002 [33] rs1130214 (AKT1) GT+TT p=0.006 [48]
rs1412115 (Neuropilin-1) AG P=0036; AG+GG P=0042 | [34] rs3803300 (AKT1) AG P=0.03:
GG p=0.003
rs2236307 (MMP-14) TC p<0.05; [35] rs9904341 (Survivin) GG P<0.05 [49]
TC+CC p<0.05
rs4880 (SOD) TC p=0.087 [36] rs2071214 (Survivin) AA P<0.05
445C/T (SULT) CT p0.01 [37] rs1042489 (Survivin) TT p<0.05,
CT+TT P<0.05
507C/T (SULT) CT pe001 rs1800471 (TGF-B1) GG p=0.000; [16]
GC p<0.000
rs187115 (CD44) AG P00, [38] rs1048943 (CYP1AT) AA p=0.009; [16]
GG p<0.05; AG+GG p=0.003
AG+GG P<0-05
rs5498 (ICAM-1) CG P<005; [39] Null (GSTM1) WT p<=0.000; [16]
GG P<005; Null P<0.000
CG+GG P<0.05
rs2070874 (IL-4) TT p=0.006 [40] rs1801133 (MTHFR) CT p=0.007; [16]
TT p=0.001
rs1800795 (IL-6) GG P=0.008 [40] rs1800870 (IL-10) AA P<0.000. [16]
AG p<0.000;
GG P<0.000
2275913 (IL-17A) GG p=0.018, [41] rs1800871 (IL-10) TT p<0.000, [16]
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AG+GG P0.043

CT p=0.044

rs9382084 (IL-7F) GG P=0.03

rs20417 (COX-2)

GC+CC P<0-000; 116l
GG p<0.000

rs10889677 (IL-23 R) AC+CC P=0.012 [42]

rs11549467 (HIF)

GG p=0.007; [16]
GA p=0.011

rs861539 (XRCC3)

cC p=0.021; [16]
CT p=0.034

Table 2: SNPs and associated Genes indicating risk to oral cancer.

Analysis of SNPs via high throughput genomic analysis as reported
in genome-wide association studies (GWAS) and next generation
sequencing have emerged as a powerful approach to identify
susceptibility loci enabling information on thousands of SNPs
simultaneously. These platforms generally use smaller samples and are
rather expensive and need to be validated in larger samples using
alternative technology including nucleotide sequencing and Real-time
PCR [17]. A highthroughput microarray study by Saranath et al. in 55
oral cancer patients and 92 healthy controls identified 93 SNPs in 70
genes with association to oral cancer. A majority of the genes (33.6%)
containing SNPs were associated with cell signal transduction [18].
Hence, representative SNPs in genes critical in biological functions
were examined in 500 oral cancer patients and 500 healthy long term
tobacco habitués as controls [19]. The 500 oral cancer patients were
histopathologically confirmed and were obtained from Prince Aly
Khan hospital, Mumbai, India. The controls were tobacco users with an
average duration of 18.1 years (median 15 years) of tobacco habit,
obtained from cancer screening camps conducted by Cancer Patients
aids association, Mumbai, India. The age, gender, tobacco habits and
clinicopathological data was recorded. DNA was extracted from
peripheral blood samples using PureLink DNA extraction kit as per
manufacturer’s instructions (Invitrogen, CA, USA) and checked using
Nanodrop Spectrophotometer 2000 (Thermoscientific, Walthman,
USA).

We examined a panel of SNPs constituting rs2124437 in RASGRPS3,
rs1335022 in GRIKZ, rs4512367 in PREX2, rs4748011 in CCDC3 and
rs1435218 in LNXI genes. Allelic discrimination Real-time PCR assay
with SYBR green dye and melt-curve analysis was used to determine
the frequency distribution of the various alleles and consequent
genotypes in the oral cancer patients and controls. The melt curves of

the SNPs were analyzed using StepOne software v2.3. The genotyping
and sequencing primers were designed using AlleleID software and are
listed in Multani et al. along with the detailed protocol [19]. The
amplimers for genotyping ranged 89 to 148 bp and for nucleotide
sequencing, 430 to 544 bp, sequenced on automated genetic analyzer
ABI 3730xl (Foster City, CA, USA) at SciGenom Adyar, Chennai,
India. The results demonstrated that rs1335022 (GRIK2) WT C allele
was associated with decreased risk to oral cancer [OR 0.73 (0.6-0.88)].
Further, heterozygous genotypes in rs1335022 (CT) [OR 0.68
(0.53-0.870] and rsd512367 (PREX2) (CT) [OR 0.49 (0.37-0.64)]
demonstrated decreased risk. Whereas, the homozygous SNP
genotypes in rs2124437 (RASGRP3) (AA) [OR 1.34 (1.01-1.76)],
rs1335022 (TT) [OR 1.58 (1.23-2.03)], rs4512367 (TT) [OR 2.77
(1.68-4.570] and WT genotype in rs4512367 (CC) [1.56 (1.15-2.10)]
showed significantly higher frequencies in oral cancer patients
indicating an increased risk with oral cancer. On the other hand, SNPs
rs4748011 (CCDC3) and rs1435218 (LNXI) genotypes and alleles
showed equidistribution in oral cancer and control groups, thus
indicating absence of association with oral cancer (Table 3). SNP based
variants are primarily low penetrant alleles, and a panel of SNPs with
differential frequency distribution may better reflect increased or
decreased risk with higher susceptibility or protection to oral cancer.
Hence, coinheritance of a panel of high-risk SNPs exhibiting increased
risk individually in the Indian cohorts including rs2124437
(RASGRP3), rs1335022 (GRIK2) and rs4512367 (PREX2) were
examined. We observed that simultaneous presence of the three high
risk genotypes further increased risk of oral cancer [OR 4.99
(1.89-13.19)] indicating that SNP-SNP interactions may be involved in
increasing the risk to oral cancer [19].

SNP ID Genotypes Indian Cohort Oral Cancer (n=| Control P value OR (95% CI)
WT — SNP (n=1000) 500) (n=500)

(Gene)

rs2124437 cc 0.072 0.064 0.080 0.413 0.79 (0.49-1.27)
C—A CA 0.647 0.626 0.668 0.409 0.83 (0.64-1.08)
(RASGRP3)

AA 0.281 0.31 0.252 <0.000 1.34 (1.01-1.76)
rs1335022 cc 0.084 0.074 0.094 0.275 0.77 (0.49-1.21)
C d T

CT 0.445 0.398 0.492 0.029 0.68 (0.53-0.87)
(GRIK2)

TT 0.471 0.528 0.414 0.008 1.58 (1.23-2.03)
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rs4512367 cc 0.229 0.268 0.190 0.008 1.56 (1.15-2.10)
C-T CT 0.689 0.614 0.764 0.004 0.49 (0.37-0.64)
(PREX2)

TT 0.082 0.118 0.046 <0.000 2.77 (1.68-4.57)
rs4748011 TT 0.017 0.02 0.014 0.467 1.44 (0.54-3.81)
T=c TC 0.361 0.382 0.340 0.227 1.19 (0.93-1.55)
(CCDC3)

cc 0.622 0.598 0.646 0.336 0.82 (0.63-1.05)
rs1435218 cc 0.879 0.886 0.872 0.762 1.14 (0.78-1.67)
C—-T CT 0.113 0.106 0.120 0.510 0.87 (0.59-1.29)
(LNXT)

TT 0.008 0.008 0.008 1.000 1.0 (0.25-4.02)
OR: Odds Ratio; Cl: Confidence Interval; Source: Multani et al. [19]

Table 3: Association of SNP genotypes with oral cancer in Indian population.

SNPs in signal transduction genes have also been associated with
various cancers. A recent study by Hyland et al. demonstrated
association of ten SNPs in Fas signalling pathway with increased risk to
gastric cancer [20]; Chen and colleagues demonstrated association of
increased risk of four SNPs in the P13K-AKT pathway with bladder
cancer [21]; rs1078985 in TGFBRZ2 gene showed increased risk to
breast cancer [22]; and SNP rs3087465 with decreased risk to
esophageal cancer [23]. Additionally, exonic SNPs 8227G/A [24],
216G/T and 191C/A [25] in EGFR gene was associated increased risk
to lung cancer.

Heterogeneity is a characteristic of cancers with genomic,
transcriptional, proteomic and epigenomic microheterogeneity
reflected at the cellular level as indicated by differential biomarker -
P53, EGFR, expression in the cancer tissues. Besides, response to drugs
due to CYP450 polymorphisms; K. Ras/ EGFR mutations are used for
stratification of cancer patients for appropriate targeted therapy.
Identification of SNPs is mandatory in determination of optimal
warfarin dose in several clotting disorders [50,51]. The SNP rs1801282
in Peroxisome Proliferator-Activated Receptor Gamma (PPARy) gene
indicates risk to Type 2 diabetes, and is associated with pathogenesis of
the disease [52]. Our study identified SNPs and their association with
increased/decreased risk in oral cancer, and hence indicate ‘Predictive
Biomarkers™ to screen high-risk individuals in tobacco habitués. The
SNPs may define binding sites for small drug like molecules. The
information from next generation sequencing technology and in silico
drug designing, will facilitate molecular classification and stratification
of cancers, define cancer gene fingerprints, identify drug targets and
prove useful in Precision/Personalized Medicine.

References

1. Ferlay ], Soerjomataram I, Dikshit R, Eser S, Mathers C, et al. (2015)
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int ] Cancer 136: E359-386.

2. Wang B, Zhang S, Yue K, Wang XD (2013) The recurrence and survival of
oral squamous cell carcinoma: a report of 275 cases. Chin J Cancer 32:
614-618.

3. Krishna Rao SV, Mejia G, Roberts-Thomson K, Logan R (2013)
Epidemiology of oral cancer in Asia in the past decade--an update
(2000-2012). Asian Pac ] Cancer Prev 14: 5567-5577.

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hecht SS (2003) Tobacco carcinogens, their biomarkers and tobacco-
induced cancer. Nat Rev Cancer 3: 733-744.

Hecht SS, Hoffmann D (1988) Tobacco-specific nitrosamines, an
important group of carcinogens in tobacco and tobacco smoke.
Carcinogenesis 9: 875-884.

Notani PN (1988) Role of alcohol in cancers of the upper alimentary
tract: use of models in risk assessment. ] Epidemiol Community Health
42:187-192.

D'Costa J, Saranath D, Dedhia P, Sanghvi V, Mehta AR (1998) Detection
of HPV-16 genome in human oral cancers and potentially malignant
lesions from India. Oral Oncol 34: 413-420.

Scheifele C, Reichart PA (2003) Is there a natural limit of the
transformation rate of oral leukoplakia? Oral Oncol 39: 470-475.

Chien MH, Yang JS, Chu YH, Lin CH, Wei LH, et al. (2012) Impacts of
CA9 gene polymorphisms and environmental factors on oral-cancer
susceptibility and clinicopathologic characteristics in Taiwan. PLoS One
7:€51051.

Ignatova Z, Martinez-Pérez I, Zimmermann KH (2008) Molecular
biology: DNA Computing Models. Springer Science & Business Media,
Berlin, Germany.

D'Souza W, Saranath D (2015) Clinical implications of epigenetic
regulation in oral cancer. Oral Oncol 51: 1061-1068.

Voisin S, Almén MS, Zheleznyakova GY, Lundberg L, Zarei S, et al. (2015)
Many obesity-associated SNPs strongly associate with DNA methylation
changes at proximal promoters and enhancers. Genome Med 7:103-18.
Gamazon ER, Badner JA, Cheng L, Zhang C, Zhang D, et al. (2013)
Enrichment of cis-regulatory gene expression SNPs and methylation
quantitative trait loci among bipolar disorder susceptibility variants. Mol
Psychiatry 18: 340-346.

Zhang H, Wang F, Kranzler HR, Yang C, Xu H, et al. (2014) Identification
of methylation quantitative trait loci (mQTLs) influencing promoter
DNA methylation of alcohol dependence risk genes. Hum Genet 133:
1093-1104.

Heyn H, Sayols S, Moutinho C, Vidal E, Sanchez-Mut JV, et al. (2014)
Linkage of DNA methylation quantitative trait loci to human cancer risk.
Cell Rep 7: 331-338.

Multani S, Saranath D (2016) Genotypic Distribution of Single
Nucleotide Polymorphisms in Oral Cancer: Global Scene. Tumor Biol. In
Press.

Easton DFE Eeles RA (2008) Genome-wide association studies in cancer.
Hum Mol Genet 17: R109-115.

Bhatnagar R, Dabholkar J, Saranath D (2012) Genome-wide disease
association study in chewing tobacco associated oral cancers. Oral Oncol
48: 831-835.

J Clin Cell Immunol, an open access journal
ISSN:2155-9899

Volume 7 « Issue 4 « 1000448


http://dx.doi.org/10.1002/ijc.29210
http://dx.doi.org/10.1002/ijc.29210
http://dx.doi.org/10.1002/ijc.29210
http://dx.doi.org/10.5732/cjc.012.10219
http://dx.doi.org/10.5732/cjc.012.10219
http://dx.doi.org/10.5732/cjc.012.10219
http://dx.doi.org/10.7314/APJCP.2013.14.10.5567
http://dx.doi.org/10.7314/APJCP.2013.14.10.5567
http://dx.doi.org/10.7314/APJCP.2013.14.10.5567
http://dx.doi.org/10.1038/nrc1190
http://dx.doi.org/10.1038/nrc1190
http://www.jstor.org/stable/25566831?seq=1
http://www.jstor.org/stable/25566831?seq=1
http://www.jstor.org/stable/25566831?seq=1
http://dx.doi.org/10.1016/S1368-8375(98)00028-1
http://dx.doi.org/10.1016/S1368-8375(98)00028-1
http://dx.doi.org/10.1016/S1368-8375(98)00028-1
http://dx.doi.org/10.1016/S1368-8375(03)00006-X
http://dx.doi.org/10.1016/S1368-8375(03)00006-X
http://dx.doi.org/10.1371/journal.pone.0051051
http://dx.doi.org/10.1371/journal.pone.0051051
http://dx.doi.org/10.1371/journal.pone.0051051
http://dx.doi.org/10.1371/journal.pone.0051051
http://dx.doi.org/10.1016/j.oraloncology.2015.09.006
http://dx.doi.org/10.1016/j.oraloncology.2015.09.006
http://dx.doi.org/10.1186/s13073-015-0225-4
http://dx.doi.org/10.1186/s13073-015-0225-4
http://dx.doi.org/10.1186/s13073-015-0225-4
http://dx.doi.org/10.1038/mp.2011.174
http://dx.doi.org/10.1038/mp.2011.174
http://dx.doi.org/10.1038/mp.2011.174
http://dx.doi.org/10.1038/mp.2011.174
http://dx.doi.org/10.1007/s00439-014-1452-2
http://dx.doi.org/10.1007/s00439-014-1452-2
http://dx.doi.org/10.1007/s00439-014-1452-2
http://dx.doi.org/10.1007/s00439-014-1452-2
http://dx.doi.org/10.1016/j.celrep.2014.03.016
http://dx.doi.org/10.1016/j.celrep.2014.03.016
http://dx.doi.org/10.1016/j.celrep.2014.03.016
http://dx.doi.org/10.1093/hmg/ddn287
http://dx.doi.org/10.1093/hmg/ddn287
http://dx.doi.org/10.1016/j.oraloncology.2012.03.007
http://dx.doi.org/10.1016/j.oraloncology.2012.03.007
http://dx.doi.org/10.1016/j.oraloncology.2012.03.007

Citation:

Immunol 7: 448. doi:10.4172/2155-9899.1000448

Multania S, Saranath D (2016) Single Nucleotide Polymorphisms and Risk of Oral Cancer: Indian Case-Control Study. J Clin Cell

Page 5 of 5

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Multani S, Pradhan S, Saranath D (2016) Gene polymorphisms and oral
cancer risk in tobacco habitués. Tumour Biol 37: 6169-6176.

Hyland PL, Lin SW, Hu N, Zhang H, Wang L, et al. (2014) Genetic
variants in fas signaling pathway genes and risk of gastric cancer. Int J
Cancer 134: 822-831.

Chen M, Cassidy A, Gu J, Delclos GL, Zhen E et al. (2009) Genetic
variations in PI3K-AKT-mTOR pathway and bladder cancer risk.
Carcinogenesis 30: 2047-2052.

Ma X, Beeghly-Fadiel A, Lu W, Shi J, Xiang YB, et al. (2012) Pathway
analyses identify TGFBR2 as potential breast cancer susceptibility gene:
results from a consortium study among Asians. Cancer Epidemiol
Biomarkers Prev 21: 1176-1184.

Jin G, Miao R, Deng Y, Hu Z, Zhou Y, et al. (2007) Variant genotypes and
haplotypes of the epidermal growth factor gene promoter are associated
with a decreased risk of gastric cancer in a high-risk Chinese population.
Cancer Sci 98:864-8.

Jou YS, Lo YL, Hsiao CE, Chang GC, Tsai YH, et al. (2009) Association of
an EGFR intron 1 SNP with never-smoking female lung adenocarcinoma
patients. Lung Cancer 64: 251-256.

Nomura M, Shigematsu H, Li L, Suzuki M, Takahashi T, et al. (2007)
Polymorphisms, mutations, and amplification of the EGFR gene in non-
small cell lung cancers. PLoS Med 4: e125.

Blot W] (1992) Alcohol and Cancer. Cancer Res 52: 2119-2123.

Herrero R, Castellsagué X, Pawlita M, Lissowska ], Kee F, et al. (2003)
Human papillomavirus and oral cancer: the International Agency for
Research on Cancer multicenter study. ] Natl Cancer Inst 95: 1772-1783.
Parkin DM, Bray F (2006) Chapter 2: The burden of HPV-related cancers.
Vaccine 24 Suppl 3: S3/11-25.

Petti S (2009) Lifestyle risk factors for oral cancer. Oral Oncol 45:
340-350.

Gaur P, Mittal M, Mohanti BK, Das SN (2011) Functional genetic variants
of TGF-f1 and risk of tobacco related oral carcinoma in high-risk Asian
Indians. Oral Oncol 47:1117-1121.

Bau DT, Chang CH, Tsai MH, Chiu CF, Tsou YA, et al. (2010) Association
between DNA repair gene ATM polymorphisms and oral cancer
susceptibility. Laryngoscope 120: 2417-2422.

Murali A, Nalinakumari KR, Thomas S, Kannan S (2014) Association of
single nucleotide polymorphisms in cell cycle regulatory genes with oral
cancer susceptibility. Br ] Oral Maxillofac Surg 52: 652-658.

Bau DT, Tsai CW, Lin CC, Tsai RY, Tsai MH (2011) Association of alpha
B-crystallin genotypes with oral cancer susceptibility, survival, and
recurrence in Taiwan. PLoS One 6: e16374.

Ma L, Chen J, Song X, Yuan H, Wang Y, et al. (2015) Evidence that the
genetic polymorphism rs1412115 on chromosome 10 is associated with
risk for oral squamous cell carcinoma. Gene 560: 137-139.

Weng CJ, Chen MK, Lin CW, Chung TT, Yang SF (2012) Single
nucleotide polymorphisms and haplotypes of MMP-14 are associated
with the risk and pathological development of oral cancer. Ann Surg
Oncol 19 Suppl 3: $319-5327.

Liu Y, Zha L, Li B, Zhang L, Yu T, et al. (2014) Correlation between
superoxide dismutase 1 and 2 polymorphisms and susceptibility to oral
squamous cell carcinoma. Exp Ther Med 7: 171-178.

Chung YT, Hsieh LL, Chen IH, Liao CT, Liou SH, et al. (2009)
Sulfotransferase 1A1 haplotypes associated with oral squamous cell
carcinoma susceptibility in male Taiwanese. Carcinogenesis 30: 286-294.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Chou YE, Hsieh MJ, Hsin CH, Chiang WL, Lai YC, et al. (2014) CD44
gene polymorphisms and environmental factors on oral cancer
susceptibility in Taiwan. PLoS One 9: €93692.

Lin CW, Chuang CY, Tang CH, Chang JL, Lee LM, et al. (2013)
Combined Effects of ICAM-1 Single-Nucleotide Polymorphisms and
Environmental Carcinogens on Oral Cancer Susceptibility and
Clinicopathologic Development. PLoS One 8: 1-8.

Gaur P, Mittal M, Mohanti B, Das S (2011) Functional variants of IL4 and
IL6 genes and risk of tobacco-related oral carcinoma in high-risk Asian
Indians. Oral Dis 17: 720-726.

Li N, Zhang C, Chen Z, Bai L, Nie M, et al. (2015) Interleukin 17A and
interleukin 17F polymorphisms are associated with oral squamous cell
carcinoma susceptibility in a Chinese population. ] Oral Maxillofac Surg
73:267-273.

Chien MH, Hsin CH, Chou LS, Chung TT, Lin CH, et al. (2012)
Interleukin-23 receptor polymorphism as a risk factor for oral cancer
susceptibility. Head Neck 34: 551-556.

Lakhanpal M, Yadav DS, Devi TR, Singh LC, Singh K], et al. (2014)
Association of interleukin-18 -511 C/T polymorphism with tobacco-
associated cancer in northeast India: A study on oral and gastric cancer.
Cancer Genet 207:1-11.

Singh PK, Ahmad MK, Kumar V, Hussain SR, Gupta R, et al. (2014)
Effects of interleukin-18 promoter (C607A and G137C) gene
polymorphisms and their association with oral squamous cell carcinoma
(OSCC) in northern India. Tumour Biol 35: 12275-12284.

Su S, Chien M, Lin C, Chen M, Yang S (2015) RAGE gene polymorphism
and environmental factor in the risk of oral cancer. ] Dent Res 94:
403-411.

Teng YH, Liu TH, Tseng HC, Chung TT, Yeh CM, et al. (2009)
Contribution of genetic polymorphisms of stromal cell-derived factor-1
and its receptor, CXCR, to the susceptibility and clinicopathologic
development of oral cancer. Head Neck 31: 1282-1288.

Jha R, Gaur P, Sharma SC, Das SN (2013) Single nucleotide
polymorphism in hMLH1 promoter and risk of tobacco-related oral
carcinoma in high-risk Asian Indians. Gene 526: 223-227.

Wang Y, Lin L, Xu H, Li T, Zhou Y, et al. (2015) Genetic variants in AKT1
gene were associated with risk and survival of OSCC in Chinese Han
Population. ] Oral Pathol Med 44: 45-50.

Weng CJ, Hsiech YH, Chen MK, Tsai CM, Lin CW, et al. (2012) Survivin
SNP-carcinogen interactions in oral cancer. ] Dent Res 91: 358-363.
Higashi MK, Veenstra DL, Kondo LM, Wittkowsky AK, Farin FM, et al.
(2002)  Association between CYP2C9 Genetic Variants and
Anticoagulation-Related Outcomes during Warfarin Therapy. ] American
Medical Assoc 287:1690-1698.

Shalia KK, Doshi SM, Parikh S, Pawar PP, Divekar SS, et al. (2012)
Prevalence of VKORC1 and CYP2C9 gene polymorphisms in Indian
population and its effect on warfarin response. ] Assoc Physicians India
60: 34-38.

Altshuler D, Hirschhorn JN, Klannemark M, Lindgren CM, Vohl MC, et
al. (2000) The common PPARgamma Prol2Ala polymorphism is
associated with decreased risk of type 2 diabetes. Nat Genet 26: 76-80.

J Clin Cell Immunol, an open access journal
ISSN:2155-9899

Volume 7 « Issue 4 « 1000448


http://dx.doi.org/10.1007/s13277-015-4448-1
http://dx.doi.org/10.1007/s13277-015-4448-1
http://dx.doi.org/10.1002/ijc.28415
http://dx.doi.org/10.1002/ijc.28415
http://dx.doi.org/10.1002/ijc.28415
http://dx.doi.org/10.1093/carcin/bgp258
http://dx.doi.org/10.1093/carcin/bgp258
http://dx.doi.org/10.1093/carcin/bgp258
http://dx.doi.org/10.1158/1055-9965.EPI-12-0118
http://dx.doi.org/10.1158/1055-9965.EPI-12-0118
http://dx.doi.org/10.1158/1055-9965.EPI-12-0118
http://dx.doi.org/10.1158/1055-9965.EPI-12-0118
http://dx.doi.org/10.1111/j.1349-7006.2007.00463.x
http://dx.doi.org/10.1111/j.1349-7006.2007.00463.x
http://dx.doi.org/10.1111/j.1349-7006.2007.00463.x
http://dx.doi.org/10.1111/j.1349-7006.2007.00463.x
http://dx.doi.org/10.1016/j.lungcan.2008.09.014
http://dx.doi.org/10.1016/j.lungcan.2008.09.014
http://dx.doi.org/10.1016/j.lungcan.2008.09.014
http://dx.doi.org/10.1371/journal.pmed.0040125
http://dx.doi.org/10.1371/journal.pmed.0040125
http://dx.doi.org/10.1371/journal.pmed.0040125
http://dx.doi.org/10.1093/jnci/djg107
http://dx.doi.org/10.1093/jnci/djg107
http://dx.doi.org/10.1093/jnci/djg107
http://dx.doi.org/10.1016/j.vaccine.2006.05.111
http://dx.doi.org/10.1016/j.vaccine.2006.05.111
http://dx.doi.org/10.1016/j.oraloncology.2008.05.018
http://dx.doi.org/10.1016/j.oraloncology.2008.05.018
http://dx.doi.org/10.1016/j.oraloncology.2011.07.033
http://dx.doi.org/10.1016/j.oraloncology.2011.07.033
http://dx.doi.org/10.1016/j.oraloncology.2011.07.033
http://dx.doi.org/10.1002/lary.21009
http://dx.doi.org/10.1002/lary.21009
http://dx.doi.org/10.1002/lary.21009
http://dx.doi.org/10.1016/j.bjoms.2014.05.010
http://dx.doi.org/10.1016/j.bjoms.2014.05.010
http://dx.doi.org/10.1016/j.bjoms.2014.05.010
http://dx.doi.org/10.1371/journal.pone.0016374
http://dx.doi.org/10.1371/journal.pone.0016374
http://dx.doi.org/10.1371/journal.pone.0016374
http://dx.doi.org/10.1016/j.gene.2015.01.049
http://dx.doi.org/10.1016/j.gene.2015.01.049
http://dx.doi.org/10.1016/j.gene.2015.01.049
http://dx.doi.org/10.1245/s10434-011-1736-x
http://dx.doi.org/10.1245/s10434-011-1736-x
http://dx.doi.org/10.1245/s10434-011-1736-x
http://dx.doi.org/10.1245/s10434-011-1736-x
http://dx.doi.org/10.3892/etm.2013.1375
http://dx.doi.org/10.3892/etm.2013.1375
http://dx.doi.org/10.3892/etm.2013.1375
http://dx.doi.org/10.1093/carcin/bgn283
http://dx.doi.org/10.1093/carcin/bgn283
http://dx.doi.org/10.1093/carcin/bgn283
http://dx.doi.org/10.1371/journal.pone.0093692
http://dx.doi.org/10.1371/journal.pone.0093692
http://dx.doi.org/10.1371/journal.pone.0093692
http://dx.doi.org/10.1371/journal.pone.0072940
http://dx.doi.org/10.1371/journal.pone.0072940
http://dx.doi.org/10.1371/journal.pone.0072940
http://dx.doi.org/10.1371/journal.pone.0072940
http://dx.doi.org/10.1111/j.1601-0825.2011.01831.x
http://dx.doi.org/10.1111/j.1601-0825.2011.01831.x
http://dx.doi.org/10.1111/j.1601-0825.2011.01831.x
http://dx.doi.org/10.1016/j.joms.2014.09.009
http://dx.doi.org/10.1016/j.joms.2014.09.009
http://dx.doi.org/10.1016/j.joms.2014.09.009
http://dx.doi.org/10.1016/j.joms.2014.09.009
http://dx.doi.org/10.1002/hed.21779
http://dx.doi.org/10.1002/hed.21779
http://dx.doi.org/10.1002/hed.21779
http://dx.doi.org/10.1007/s13277-014-2538-0
http://dx.doi.org/10.1007/s13277-014-2538-0
http://dx.doi.org/10.1007/s13277-014-2538-0
http://dx.doi.org/10.1007/s13277-014-2538-0
http://dx.doi.org/10.1177/0022034514566215
http://dx.doi.org/10.1177/0022034514566215
http://dx.doi.org/10.1177/0022034514566215
http://dx.doi.org/10.1002/hed.21094
http://dx.doi.org/10.1002/hed.21094
http://dx.doi.org/10.1002/hed.21094
http://dx.doi.org/10.1002/hed.21094
http://dx.doi.org/10.1016/j.gene.2013.05.014
http://dx.doi.org/10.1016/j.gene.2013.05.014
http://dx.doi.org/10.1016/j.gene.2013.05.014
http://dx.doi.org/10.1111/jop.12211
http://dx.doi.org/10.1111/jop.12211
http://dx.doi.org/10.1111/jop.12211
http://dx.doi.org/10.1177/0022034512438402
http://dx.doi.org/10.1177/0022034512438402
http://dx.doi.org/10.1001/jama.287.13.1690
http://dx.doi.org/10.1001/jama.287.13.1690
http://dx.doi.org/10.1001/jama.287.13.1690
http://dx.doi.org/10.1001/jama.287.13.1690
http://dx.doi.org/10.1038/79216
http://dx.doi.org/10.1038/79216
http://dx.doi.org/10.1038/79216

	Contents
	Single Nucleotide Polymorphisms and Risk of Oral Cancer: Indian Case-Control Study
	Keywords:
	Short Communication
	References


