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Abstract Oral cancer incidence of 77,003 poses a major
health concern in India, with 5–10 % tobacco habitués devel-
oping oral cancer. The current study examined the role of
specific genomic variants in oral cancer. We examined five
genomic variants represented as single nucleotide polymor-
phisms (SNPs) in genes associated with cell proliferation
and cellular invasion. The SNPs rs2124437 (RASGRP3),
rs1335022 (GRIK2), rs4512367 (PREX2), rs4748011
(CCDC3), and rs1435218 (LNX1) were analyzed in 500 his-
topathologically confirmed oral cancers and 500 healthy con-
trols with a minimum of 10 years of tobacco usage. Allelic
discrimination real-time PCR SYBR Green assay was used.
The genotypic and allelic frequencies between cases and con-
trols were analyzed using SPSS software (version 19) and
odds ratio (OR) using Hutchon.net, indicating increased risk
to oral cancers. A significant association of the SNPs in oral
cancer was observed inRASGRP3AA (rs2124437) (p<0.000,
OR 1.34, 95 % confidence interval (CI) 1.01–1.76), GRIK2
TT (rs1335022) (p=0.008, OR 1.58, 95 % CI 1.23–2.03),
PREX2 CC (p=0.008, OR 1.56, 95 % CI 1.15–2.1), and TT
(p<0.000, OR 2.77, 1.68–4.57) genotypes, whereas the het-
erozygous genotypes showed higher frequencies in controls,

i.e., GRIK2 CT (rs1335022) (p=0.029, OR 0.68, 95 % CI
0.53–0.87) and PREX2 CT (p=0.004, OR 0.49, 95 % CI
0.37–0.64), indicating protection. Coinheritance of the SNPs
was associated with further increase in the risk. Thus, the SNP
genotypes in the three genes, present singly or as a coinherited
panel constituted BPredictive Biomarkers^ indicating in-
creased risk of oral cancer in tobacco habitués.
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Introduction

Globally, oral cancer is the 13th most common cancer with an
incidence of 300,373 and a mortality rate of 145, 238 [1]. In
India, oral cancer is a major health problem, being the most
common cancer in males and fourth most common cancer in
females, and contributes 26% of the global oral cancer burden
with an annual incidence of 77,003 new cases [1]. The high
incidence is attributed to the highly prevalent chewing tobacco
habit, compounded by smoking in a majority of the tobacco
chewers. The additional risk factors in oral cancer are alcohol
and high-risk oncogenic virus HPV types 16/18 [2]. Oral can-
cers include cancer of buccal mucosa, tongue, palate, floor of
the mouth, and gingiva, with lip cancer being considered as a
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distinct cancer. Despite easy accessibility of the oral cavity
and advances in treatment protocols of surgery, chemotherapy,
radiotherapy, and targeted biological therapy, prognosis of
cancer in Indian population is poor, partly due to late diagnosis
in advanced stage. An increasing trend is observed in younger
age groups of 20–45 years with a 60 % increase in oral cancer
cases in <40 years of age in the past 25 years [3]. The average
5-year survival of oral cancer patients is 40 %, and the trans-
formation of premalignant to a malignant phenotype is in 3–
8.1 % cases [4].

Besides the well accepted high-risk factors of tobacco, al-
cohol, and HPV 16/18, individual genomic variants represent-
ed as single nucleotide polymorphisms (SNPs) and epigenetic
profile of the genome contribute to the risk of oral cancer [5].
SNPs are low penetrance genes and observed in >1 % of
ethnic populations [6]. SNPs may be present in the exonic
regions of the genome and accessible for transcription or the
intronic non-coding regions which directly or indirectly af-
fects gene expression. The SNPs in the exonic regions are
either non-synonymous resulting in a substitution of amino
acid or synonymous with no amino acid alterations. The SNPs
in the intronic regions may alter the conformation of the DNA
molecule resulting in increase or decrease of Gibbs free ener-
gy and subsequently affect stability of the molecule and im-
pact DNA polymerase processivity, transcription factor bind-
ing, and nucleosome assembly function [7]. SNPs are gener-
ated due to substitution mutations which are said to occur at
the rate of 10−8 per base pairs. The SNPs may result in het-
erozygous or homozygous genotypes with the SNP present
singly or in both alleles, with the original allelotype being wild
type. The genotypic and allelotypic frequencies differentially
increased or decreased in a population in association with
various diseases make SNPs potential markers for association
studies.

BRCA1 and BRCA2 are well-defined germline mutations
indicating increase risk in early onset breast and ovarian can-
cer [8]. Pilato and colleagues reported several SNPs with the
same frequency as the BRCA mutations in individuals.
K118R was seen to be the most common SNP in the mutated
families (p=0.004) and various haplotypes associated with the
mutations. The study showed the importance of analyzing
polymorphisms to define hereditary risk [9]. The study of
SNPs yields insight into exposure and cancer and lays the
foundation for preventive strategies related to lifestyle [10].

Deregulation of genes by somatic mutations or functioning
genomic SNPs, in signal transduction pathways may lead to
increased cell proliferation, angiogenesis, migration, and re-
sistance to apoptosis [11]. Whole genomic association studies
have demonstrated association of SNPs in several cancers
including lung, breast, colorectal cancer [12], and oral cancer
[5]. The microarray studies are often reported in smaller sam-
ple sizes, and validation in samples is required. Hence, the
focus of the current paper was to investigate SNPs in signal

transduction genes RAS guanyl releasing protein 3
(RASGRP3), phosphatidylinositol-3,4,5-trisphosphate-depen-
dent Rac exchange factor 2 (PREX2), glutamate receptor,
ionotropic, kainate 2 (GRIK2), ligand of Numb protein X 1,
E3 ubiquitin protein ligase (LNX1), and coiled-coil domain
containing 3 (CCDC3) in oral cancer based on a GWAS study
[5]. RASGRP3 activates the Ras signaling cascade. RasGRPs
are upstream activators of Ras isoforms and are regulated by
diacylglycerol binding to C1 domain. These molecules have
the ability to activate multiple domains together and link
downstream Ras family members to growth factors and cyto-
kines [13]. PREX2 links Rac activation and P-13 kinase path-
way, GPCRs, RTKs, and Rac and Cdc42, leading to increased
cell migration and reactive oxygen species [14]. The enhanced
expression of PREX2 inhibits tumor suppressor PTEN and
activates AKT pathway, enhancing proliferation and migra-
tion [15].GRIK2, a metabotropic glutamate receptor, process-
es excitatory neurotransmission signals and is deregulated in
gastric cancer [16] and esophageal cancer [17]. Wu and col-
leagues reported hypermethylation of GRIK2 and consequent
silencing of the gene showed increased colony formation and
migration [16]. LNX1 contains PDZ domains which interact
with Numb protein and RhoC, regulating transcription of ac-
tivator protein 1 (AP-1) which has a critical role in several
cancers [18]. CCDC3 is associated with suppressing TNF-α
in inflammation [19] and shows increased expression in dif-
ferentiated adipocytes (Fig. 1).

The aim of the current study is to examine specific SNPs in
RASGRP3 (rs2124437), GRIK2 (rs1335022), PREX2
(rs4512367), CCDC3 (rs4748011), and LNX1 (rs1435218)
in oral cancer patients and normal healthy controls with
long-term tobacco habits and no personal or family history
of cancer. The frequency distribution of the genotypes in the
oral cancer patients and controls will be analyzed for associa-
tion with risk to oral cancer.

Material and methods

Study subjects

The study included 500 histopathologically confirmed oral
squamous cell carcinoma patients admitted to Prince Aly
Khan Hospital, Mumbai, India, and 500 long-term tobacco
users (LTTUs) with a minimum of 10 years of tobacco habit
as controls with no history of cancer. The controls were ob-
tained from cancer screening camps conducted by Cancer Pa-
tients Aid Association, Mumbai, India. The age, gender, to-
bacco habits, and clinicopathological profile of patients were
recorded.

The study was approved by the Institute Ethics Committees
of NMIMS (deemed-to-be) University, Mumbai; Cancer Pa-
tients Aid Association, Mumbai; and Prince Aly Khan
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Hospital, Mumbai. All subjects gave written informed consent
for voluntary participation in the study.

DNA extraction

DNAwas extracted from peripheral blood samples, using the
PureLink DNA extraction kit as per the manufacturer’s in-
structions (Invitrogen, CA, USA). The DNA quality and
quantity was checked using NanoDrop Spectrophotometer
2000 (Thermo Scientific, Walthman, USA).

SNP genotyping

SNPs were determined using Allelic Discrimination Real-
Time PCR assay with SYBR green chemistry on ABI
StepOne Plus Real-Time PCR (Applied Biosystems, Foster
City, CA, USA). The melt curves of the SNPs were analyzed
using StepOne software v2.3. Amplification and sequencing
primers were designed using AlleleID software. The primers
purchased from Eurofins (Luxemborg City, Luxemborg) in-
cluded specific primers for the wild-type (WT) and SNP al-
leles and a common primer for both the alleles. A GC clamp
was added to either the forward or reverse primer to ensure a
melt temperature difference between wild-type and SNP PCR
products. The primer sequences are listed in Supporting Infor-
mation Table S1.

The final volume of the reactions was 10 μl, containing
5 μl SYBR green Master Mix, 1.5 μl DNA (30–50 ng),
1.5 μl primers (5 pmol each), and Milli-Q water. The ampli-
fication was performed with an initial denaturation 95 °C for
2 min, followed by 40 cycles at 95 °C for 15 s, annealing 55–
58 °C for 30 s, and extension at 72 °C for 1 min. The PCR
products varied from 89 to 168 bp and were subjected to melt
curve stage at 95 °C for 15 s, 60 °C for 1 min, and 95 °C for
15 s.

Representative samples were subjected to nucleotide se-
quencing for confirmation of the alleles. The sequencing
primers are listed in Supporting Information Table S1.
AmpliTaq Gold 360Master Mix was purchased from Applied

Biosystems (Foster City, CA, USA). PCR was performed
using ABI 2720 thermal cycler (Applied Biosystems, Foster
City, CA, USA). The PCR products of 430 to 544 bp were
sequenced on automated genetic analyzer ABI 3730xl (Foster
City, CA, USA) at SciGenom Adyar, Chennai, India.

Statistical analysis

Hardy-Weinberg equilibrium was checked using SNPstats
software [20]. Genotype and allelotype frequencies in oral
cancer and controls and their associations were analyzed by
chi-square test using SPSS software (version 19). p values less
than 0.05 were considered statistically significant. The odds
ratio (OR) and 95 % confidence intervals were determined
using Hutchon.net software [21].

Results

Clinicopathological data of oral cancer patients

Five hundred oral cancer patients and 500 LTTU with no
history of oral cancer as controls were included in the study
(Table 1). The oral cancer group comprised 462 (92.4 %)
males and 38 (7.6 %) females, aged 25 to 80 years, and the
control group comprised 414 (82.8 %) males and 86 (17.2 %)
females aged 20 to 82 years. The average duration of tobacco
chewing in the oral cancer group was 14.2 years (median
10 years), and in the control group, average duration was
18.1 years (median 15 years). The major cancer sites included
buccal mucosa (58.8 %), tongue (27.6 %), alveolus, and gin-
giva (8.6 %), and 3.4 % of cancers were retromolar trigone,
labial mucosa, and palate. Majority of the oral cancers were
moderately differentiated (89.2 %), with 7.2 % well differen-
tiated and 3.6 % poorly differentiated. The patients were di-
agnosed in early stages I and II (50.8 %) and advanced stages
III and IV (49.2 %) (Table 1).

Fig. 1 Functional association of genes containing the SNPs in
proliferation and migration of cancer cells. The figure highlights
PREX2 activities through inhibition of PTEN and activation of mTOR

pathway, GRIK2 association with migration, CCDC3 inhibition of TNF-
α, RASGRP3 activation of Rac1 and PI3K, and LNX1 activation of AP-1
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SNP genotyping

The wild-type and SNP genotypes were determined by melt
curve peaks at specific temperatures indicating homozygous
WT, heterozygous WT/SNP, and homozygous SNP. The ob-
served temperatures are as follows: PREX2 rs4512367 WT,

78.7 °C and SNP, 74.24 °C; RASGRP3 rs2124437 WT,
78.5 °C and SNP, 75.29 °C; GRIK2 rs1335022 WT,
81.25 °C and SNP, 78.4 °C; CCDC3 rs4748011 WT,
82.15 °C and SNP, 85.27 °C; and LNX1 rs1435218 WT,
78.71 °C and SNP, 74.96 °C. The melt curve data for repre-
sentative PREX2 genotype is depicted in Fig. 2. The sample
alleles were confirmed by nucleotide sequencing as shown for
PREX2 in the electropherogram (Fig. 3).

The frequencies of the various alleles and genotypes in the
oral cancer and control groups in the Indian population are tab-
ulated (Tables 2 and 3). Evidence for departure from Hardy-
Weinberg equilibrium (HWE) among the Indian group was ob-
served for three SNPs, rs2124437, rs4512367, rs4748011,
whereas rs1335022 and rs1435218 followed HWE. The minor
allele frequency (MAF) in oral cancer cases and controls was
significantly different for rs1335022 (p=0.008; OR 0.73 (95 %
confidence interval (CI) 0.60–0.88)) (Table 2).

Genotyping indicating homozygous wild-type, hetero-
zygous, and homozygous SNP genotypes was performed
using allele discrimination real-time PCR with SYBR
Green chemistry. A significant difference between oral
cancer and control groups was observed in the homozy-
gous SNP genotypes in rs2124437 (RASGRP3) (p<0.000;
OR 1.34 (95 % CI 1.01–1.76)), rs1335022 (GRIK2) (p=
0.008; OR 1.58 (95 % CI 1.23–2.03)), and rs4512367
(PREX2) (p<0.000; OR 2.77 (95 % CI 1.68–4.57))
(Table 3). The homozygous genotype CC (WT) in
rs4512367 (PREX2) (p=0.008; OR 1.56 (95 % CI 1.15–
2.10)) showed a significant difference between oral cancer
and control groups (Table 3). The heterozygous genotypes
rs1335022 and rs4512367 demonstrated a significantly
higher frequency in control group as compared to oral
cancer cases (Table 3). The genotypes for rs4748011

Table 1 Clinicopathological data of oral cancer patients

Cases (n=500) Controls (n=500)

Age (years) mean±SD 48.71±11.89 46.75±12.09

Gender

Male (%) 462 (92.4) 414 (82.8)

Female (%) 38 (7.6) 86 (17.2)

Habits

Tobacco (%) 500 (100) 500 (100)

Clinicopathological data

Site

Buccal mucosa (%) 294 (58.8)

Tongue (%) 138 (27.6)

Alveolus and gingiva (%) 43 (8.6)

Retromolar trigone (%) 8 (1.6)

Labial mucosa (%) 9 (1.8)

Palate (%) 4 (0.8)

Floor of mouth (%) 4 (0.8)

Differentiation

Well differentiated (%) 36 (7.2)

Moderately differentiated (%) 446 (89.2)

Poorly differentiated (%) 18 (3.6)

TNM stages

I and II (%) 254 (50.8)

III and IV (%) 245 (49.2)

Fig. 2 Melt curve for SNP rs4512367 in PREX2. a1 Is the representative homozygous wild-type genotype with a single peak at 78.7 °C, a2 represents
the heterozygous genotype showing two peaks at 74.24 and 78.7 °C, and a3 represents the homozygous SNP genotype with a single peak at 74.29 °C
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(CCDC3) and rs1435218 (LNX1) did not demonstrate a
significant difference (Table 3).

Coinheritance of risk genotypes in oral cancers

Genotypes for rs2124437, rs4512367, and rs1335022
showed significant differences between oral cancer and

control groups. The coinheritance of homozygous SNP
rs2124437 (AA) and rs4512367 (TT) genotypes showed
increased risk with high OR 18.63, albeit large confi-
dence interval (95 % CI 2.48–140.13). Coinheritance of
rs1335022 TT, rs2124437 AA, and rs4512367 TT geno-
types showed an increased risk (p=0.007; OR 10.18
(95 % CI 1.29–79.86)) (Table 4).

Fig. 3 Electropherogram of SNP rs4512367 in PREX2. The arrows
show the position of the SNP in the sequence. a1 Represents the
homozygous wild-type genotype CC, a2 represents heterozygous

genotype CT showing two peaks (blue and red) at same position, and
a3 represents homozygous SNP genotype TT

Table 2 SNPs in oral cancer cases and controls in Indian population

Gene Chr SNP WT allele SNP allele P HWE MAF cases MAF controls p value OR (95 % CI)

RASGRP3 2 rs2124437 C=0.400 A=0.600 <0.0001 0.377 0.414 0.214 0.86 (0.72–1.02)

GRIK2 6 rs1335022 C=0.330 T=0.670 0.150 0.273 0.340 0.008 0.73 (0.60–0.88)

PREX2 8 rs4512367 C=0.570 T=0.430 <0.0001 0.425 0.428 0.973 0.99 (0.83–1.18)

CCDC3 10 rs4748011 T=0.190 C=0.810 <0.0001 0.211 0.184 0.146 1.19 (0.95–1.48)

LNX1 4 rs1435218 C=0.940 T=0.060 0.054 0.068 0.061 0.538 0.89 (0.62–1.27)

The bold values in both the tables indicate a significant difference between the cases and controls with significant p-value <0.05

Chr chromosome number,WTwild-type (ancestral) allele, SNP altered allele,HWEHardy-Weinberg equilibrium,MAFminor allele frequency,OR odds
ratio per minor allele, CI confidence interval, WT/SNP allele frequencies observed in the total Indian group
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Discussion

Oral cancer is a complex disease with genetic, epigenetic, and
well-established environmental factors contributing to devel-
opment and progression of cancer. However, only 5–10 % of
high-risk individuals with tobacco-chewing habits develop
oral cancer. Thus, inherent genomic variants may contribute
to the risk or susceptibility in oral cancer. The genomic vari-
ants represented as SNPs are less deterministic andmore prob-
abilistic besides being low-penetrance variants, and hence, a
single SNP may increase disease risk [22], whereas a panel of
high-risk SNPs may provide a better estimate of the risk ratio
with increased odds risk in oral cancer patients. Our study
investigated a panel of five SNPs in genes associated with
cellular signal transduction pathways leading to proliferation

and migration in cancer [14, 16, 23]. Allelic discrimination
real-time PCR assay with SYBR green dye was used to deter-
mine the SNP distribution in oral cancer patients (n=500) and
controls (n=500) constituting healthy LTTUs with no history
of oral cancer. The SNPs were identified in an earlier genome-
wide association study [5].

Our results indicated prevalence of five SNP alleles
and genotypes in genes associated with signal transduc-
tion in an Indian population group (n=1000) comprising
oral cancer patients and healthy controls (Table 3). The
SNPs rs2124437, rs4512367, and rs4748011 showed
HWE deviation, which may be due to the sample size,
as a large sample is usually required to conform to the
Binfinity population^ requirement for the locus to exhibit
HWE [24]. The allelic and genotypic distribution was

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

SNP ID

WT➙SNP

(Gene)

Genotypes Oral cancer Control Total p value OR (95 % CI)
(n=500) (n=500) (n=1000) Cases vs control

rs2124437

C➙A

(RASGRP3)

CC 0.064 0.080 0.072 0.413 0.79 (0.49–1.27)

CA 0.626 0.668 0.647 0.409 0.83 (0.64–1.08)

AA 0.31 0.252 0.281 <0.000 1.34 (1.01–1.76)

rs1335022

C➙T

(GRIK2)

CC 0.074 0.094 0.084 0.275 0.77 (0.49–1.21)

CT 0.398 0.492 0.445 0.029 0.68 (0.53–0.87)

TT 0.528 0.414 0.471 0.008 1.58 (1.23–2.03)

rs4512367

C➙T

(PREX2)

CC 0.268 0.190 0.229 0.008 1.56 (1.15–2.10)

CT 0.614 0.764 0.689 0.004 0.49 (0.37–0.64)

TT 0.118 0.046 0.082 <0.000 2.77 (1.68–4.57)

rs4748011

T➙C

(CCDC3)

TT 0.02 0.014 0.017 0.467 1.44 (0.54–3.81)

TC 0.382 0.340 0.361 0.227 1.19 (0.93-1.55)

CC 0.598 0.646 0.622 0.336 0.82 (0.63-1.05)

rs1435218

C➙T

(LNX1)

CC 0.886 0.872 0.879 0.762 1.14 (0.78-1.67)

CT 0.106 0.120 0.113 0.510 0.87 (0.59-1.29)

TT 0.008 0.008 0.008 1.000 1.0 (0.25-4.02)

The bold values in both the tables indicate a significant difference between the cases and controls with
significant p-value <0.05

OR odds ratio, CI confidence interval

Table 4 Coinheritance of significant risk genotypes in oral cancer

Genotype (gene) Oral cancers n (%) Controls n (%) p value OR (95 % CI)

TT (GRIK2)+AA (RASGRP3) 80 (16.0) 53 (10.6) 0.001 1.61 (1.1–2.33)

TT (GRIK2)+CC (PREX2) 66 (13.2) 37 (7.4) 0.004 1.90 (1.25–2.9)

TT (GRIK2)+TT (PREX2) 36 (7.2) 10 (2.0) 0.000 3.80 (1.86–7.75)

AA (RASGRP3)+CC (PREX2) 47 (9.4) 19 (3.8) 0.001 2.63 (1.51–4.54)

AA (RASGRP3)+TT (PREX2) 18 (3.6) 1 (0.2) 0.000 18.63 (2.48–140.13)

TT (GRIK2)+AA (RASGRP3)+CC (PREX2) 24 (4.8) 5 (1.0) 0.000 4.99 (1.89–13.19)

TT (GRIK2)+AA (RASGRP3)+TT (PREX2) 10 (2.0) 1 (0.2) 0.007 10.18 (1.29–79.86)

OR odds ratio, CI confidence interval
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compared to various populations including Indians, Han
Chinese, Japanese, African tribals, and Central Europeans
in the HapMap database [25], and generally, distinct dis-
tribution of the alleles and genotypes was observed,
which may be due to the different ethnicities examined
and/or due to the differences in the sample sizes.

We analyzed the SNPs with respect to the allelotypes and
genotypes in oral cancers and controls to indicate preferential
distribution in the two groups and consequent increased sus-
ceptibility to oral cancer. The rs1335022MAFwas significant-
ly increased in controls (p=0.008, OR 0.73), thereby indicating
a decreased risk to oral cancer. Significant allelic differences
were not observed in oral cancer and control groups for the
other SNPs (Table 3). The homozygous SNP genotypes in
rs2124437 (AA), rs1335022 (TT), and rs4512367 (TT) and
WT (CC) showed higher frequencies in oral cancer cases indi-
cating increased risk to the cancer (Table 3). Besides PREX2,
SNP rs4512367 (CC) was significantly increased in advanced
stages III and IV (p=0.046) implying a role in progression of
the cancer, whereas the heterozygous genotypes rs1335022
(CT) and rs4512367 (CT) showed higher frequencies in the
control group indicating decreased risk to developing oral can-
cer (Table 3). The coinheritance of a panel of high-risk SNPs
further increased risk of oral cancer (Table 4). Our SNPs were
intronic SNPs, which may be associated with alterations in the
three-dimensional conformation of the DNA molecule, affect-
ing Gibbs free energy and thus the stability of the molecule.
The shift in Gibbs free energy will in turn affect DNA poly-
merase processivity and several functions in the cell [7].

The five associated genes RASGRP3, GRIK2, PREX2,
CCDC3, and LNX1 have been implicated in various cancers.
RASGRP3 is deregulated in prostate cancer [26], melanoma
[13], and leukemia [27], enhancing cell proliferation and an-
chorage independent growth. GRIK2 functions as a tumor
suppressor gene in gastric cancer and is associated with cell
migration [16]. A recent study analyzing an alternativeGRIK2
SNP rs6570989 reported a significant association with nico-
tine dependence [28], a high-risk factor in oral cancer. The
PREX2 gene is deregulated in lung cancer [29] and breast
cancer [15]. On the other hand, significant association of
PREX2 SNPs in lung adenocarcinoma was not observed [29].

Several SNPs in various genes have been associated with
increased risk in oral cancer, including proliferation-
associated gene lL-4, with SNP rs2243250 showing an OR
of 1.7 and rs2070874 OR of 1.53 [30, 31]. Besides, SNPs in
interleukins IL-6, IL-10, IL-23R, IL-alpha, IL-beta, and IL-18
showed increased risk of oral cancer with OR ranging from
1.97 to 3.27 [32]. SNP rs1982073 in TGF-B1 showed in-
creased OR of 2.823 and 11.1 (rs1800471) [33, 34]. The
SNP rs5498 in ICAM-1 associated with invasion and migra-
tion of cancer cells showed an increased risk of oral cancer
(OR 1.69) [35]. Similarly, various SNPs in different DNA
repair and xenobiotic metabolism genes were associated with

increased risk. The SNPs were analyzed in hMLH1 (OR 2.36)
[36] and GSTM1 (OR 1.63) [37–40] and associated with in-
creased susceptibility to oral cancer.

Our study emphasizes that genomic variants represented as
SNPs which abound in the human genome and reflect the geno-
mic constitution with an estimated ten million SNPs in our ge-
nome play an important role in oral carcinogenesis. The specific
SNPs investigated in the current study contribute to increased
susceptibility in oral cancer, and a panel of SNPs may reflect
BPredictive Biomarkers^ to screen high-risk individuals prone
to oral cancer with tobacco habits, thus providing an objective
unbiased test assay to assess oral cancer risk in individuals.
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