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Introduction

Oral cancer is the most prevalent neoplasm of  head and neck, 
with 95% being oral squamous cell carcinoma globally [1]. The 
prevalence of  all oral cancers has escalated in past few decades. 
Of  all the cancers of  head and neck, oral cancer is known to 
have poor prognosis and mortality despite the advancements in 
the treatment modalities [2, 3]. The development of  oral cancer is 
a multistep process in which malignant changes evolve over time 
as a result of  the accumulation of  numerous genetic mutations 
within cells. Hyperplastic disorders, dysplastic cellular appearance, 
unorganised deregulated cell formation, and eventually carcinoma 
are all caused by these genetic mutations [3, 4]. The oral cancers, 

especially oral squamous cell carcinoma decreases the survival 
rate at later stages of  malignancy. So, early diagnosis of  cancers 
is important for determining the prognosis and recurrence. The 
detection of  abnormal gene expressions and changes at the mo-
lecular level would greatly aid in the early diagnosis of  oral cancer.
The significant proportion of  cancers is caused by a deviation in 
the direction of  programmed cell death (apoptosis), which can re-
sult in tumour pathogenesis and progression. B-cell lymphoma/
leukemia-2 (Bcl2) is an anti-apoptotic protein which is a part of  
the regulatory system that controls the cell cycle and the induction 
of  apoptosis. The core of  the apoptotic programme and the main 
effectors arm of  the cell death programme are the Bcl-2 gene fam-
ily and related proteins. Unlike most other oncogenes that facili-
tate cell cycle progression, the bcl-2 oncogenes was discovered to 
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protect cells from undergoing apoptosis in response to a variety 
of  stimuli [4]. 

Previous literature have identified genetic alterations in Bcl-2 lead-
ing to different carcinomas. Muzio et al, found that it is possible 
to suggest bcl-2 as an early marker of  prognosis in oral squamous 
cell carcinoma [7]. Sulkowska et al, hypothesised potential links 
between Bcl-2 protein expression and OSCC clinic pathological 
features [8]. They have particularly evaluated OSCC rather than 
all oral cancers in Indian population. The aim of  this research is 
to identify the Genetic alteration in bcl2 family of  genes and their 
putative association with oral cancers in south Indian population. 

Materials And Methods

Sample selection

All the samples for the current study are selected based on the 
WHO/ISH guidelines. Clinical investigations were carried out by 
qualified physicians and informed consent was obtained from all 
the patients and controls. About 5ml of  blood sample was collect-
ed from oral cancer patients (n=21) and control (n=25) between 
the age group of  20 and 65 years. Patients’ samples were collected 
from Saveetha Dental College and Hospitals, Saveetha University 
(SIMATS). Patients with other systematic diseases were excluded 
from the study. The study was approved by the Institutional Hu-
man Ethical Committee. 

Genotyping

Genomic DNA was extracted from the buffy coat of  EDTA 
anti-coagulated blood using the Miller et al. (1988) salting out 
method [9]. Genotype analysis for the SNP marker was based 
on PCR-RFLP method. PCR was performed in 20 μl vol-
umes using 100 ng of  genomic DNA as template, using prim-
ers, BCL2-F: 5’-GCGCTCGGCACCGGCGG-3’ and BCL2-R: 
5’-GGCAGCGGCGGCGGCAG-3’ (Eurofins MWG Operon, 
Bangalore, India). The segment of  Bcl2 gene spanning the pol-
ymorphism was amplified following PCR conditions, which in-
volved an initial denaturation at 94°C for 5 min, denaturation at 
94°C for 35 sec, annealing at 55°C for 35 sec, extension at 72°C 
for 35 sec, and a final extension at 72°C for 5 min. About 5 μl 
of  PCR product was checked on a 1.5% agarose gel (Fig. 1A). 15 
μl of  PCR product was digested using BccI restriction enzyme 
procured from New England Biolabs, England. Digestion was 
carried out at 37°C for 2 h. The digested product was visualized 
on a 2% agarose gel and the results were documented (Fig. 1B). 
Comparison of  allele frequencies between different ethnic groups 
was performed from the data obtained from Ensembl genome 
browser [10].

Statistical analysis

The mean and standard deviation of  continuous variables were 
calculated. The Student's t-test was used to compare the means of  
various variables. The Chi-square test was used to see whether the 
genotype distribution deviated from Hardy–Weinberg equilibrium 
and whether there were any major variations in allele or genotype 
frequencies between the cases and controls. The relationship be-
tween genotypes and oral cancer was investigated using the odds 
ratio (OR) with a 95% confidence interval (95 percent CI). The 
statistical package SPSS 14.0 version (SPSS Inc., Chicago, Illinois, 
USA) was used to conduct statistical tests, including logistic re-
gression analysis. Statistical significance was described as a p value 
of  less than 0.05.

Results

High molecular weight genomic DNA was isolated from the pa-
tients and control subjects (Figure 1). In vitro amplification of  
the gene of  interest spanning the polymorphic site in the Bcl2 
gene was performed under controlled conditions, which yielded 
amplicon of  size 300 bp (Figure 2). Genotyping was performed 
using the RFLP approach. The enzyme used for the purpose was 
BccI, which cleaves the amplicon into 2 fragments of  size 137 bp 
and 163 bp corresponding to the presence of  A allele. An uncut 
300 bp product corresponds to C allele and the combination of  
both alleles (CA genotype) presents with 3 bands upon digestion 
with BccI (Figure 3). The genotype and allele frequency for the 
rs2279115 of  Bcl2 gene was found to be similar between the case 
(C=71% and A=29%) and the control (C=72% and A=28%) 
groups. The genotype frequency of  cases and controls did not 
differ significantly at two degrees of  freedom returning a p value 
of  0.955, where 0.05 was considered to be statistically significant. 
Upon segregation of  genotypes based on different models viz., 
dominant, recessive and additive, the p value remained insignifi-
cant in the present study group. The possible reason for such an 
observation could be attributed to small sample size. Increasing 
the sample size could aid in deriving possible association between 
the gene polymorphism and OSCC. A comparison of  allele fre-
quencies among different populations for the Bcl2 polymorphism 
showed that the allele frequency observed in the present study 
was similar to that observed in the south Asian population as 
identified from the database.

Discussion

Oral cancers are characterized by a combination of  molecular 
events that increase the risk of  the interaction of  a person's ge-
netic predisposition and exposure to carcinogens in the environ-
ment [11]. Tobacco, alcohol, oncogenes, viruses, and inflamma-
tion are all carcinogens that can alter individual genes as well as 

Table 1. Genotype frequencies of  Bcl2 rs2279115 gene polymorphism among the cases and controls.

* CC CA AA C A HWE (p value)*
Case (N=21) 12 6 3 0.71 0.29 0.169

Control (N=25) 14 8 3 0.72 0.28 0.302

*For departure from Hardy-Weinberg equilibrium (HWE), chi square with one degree of  freedom. The genotype frequency of  cases 
and controls do not differ significantly χ2df  (P = 0.955).
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larger portions of  the genetic material, including chromosomes. 
Multiple chromosomes and genes are affected by subsequent ge-
netic damage, and the accumulation of  these modifications tends 
to lead to carcinoma in certain cases, often via a clinically vis-
ible pre-malignant or potentially malignant lesion [12]. Activat-
ing mutations or amplification of  oncogenes that encourage cell 
survival and proliferation, as well as inactivation of  tumor sup-
pressor genes that inhibit cell proliferation, are among the genetic 
changes [14]. While lifestyle factors play a significant role in aeti-
ology, some patients tend to be predisposed due to an inherited 

trait that affects their ability or inability to metabolise carcinogens 
or pro-carcinogens, likely in combination with a reduced ability to 
repair DNA damage [12, 13]. 

Programmed cell death is called apoptosis which is a normal 
physiological process; but abnormal levels of  apoptosis are po-
tentially dangerous. Defects in apoptosis are predominating in 
multiple disorders, especially carcinomas [15]. The Bcl-2 protein 
family either promotes cell survival, initiates cell death, triggers 
the effector pathways of  apoptosis or activate the effector path-

Table 2. Genotype distribution of  the Bcl2 rs2279115 gene polymorphism in cases and controls based on different models.

Dominant
Genotypes Case Control Unadjusted OR [95% CI] P value

CC 12 14 1.048
0.938

CA + AA 9 11 [0.3249 - 3.3779]
Recessive

AA 3 3 1.222
0.819

CA + CC 18 22 [0.2195 - 6.8071]
Allele

C 71 72 0.952
0.876

A 29 28 [0.5152 - 1.7595]

Figure 1. High molecular weight human genomic DNA isolated from peripheral blood samples.

Figure 2. (A) Agarose gel electrophoretogram of  BCL2 rs2279115 C/A polymorphism spanning region of  size 300 bp (Lanes 
1-3: Amplified product; M: 100 bp DNA ladder). (B) BccI digestion of  PCR amplified product (Lanes 1, 2, 4, 5: Homozy-

gous AA, Lanes 6-11: Heterozygous AC, Lane 3: Homozygous CC).

(a)

(b)

Figure 3. Comparison of  allele frequencies of  gene polymorphism among different populations with the present study 
group*.
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ways of  apoptosis [16]. High levels of  Bcl-2 expression have been 
identified in a variety of  solid tumours, not just haematological 
malignancies. Cingeetham et al, revealed that Bcl2 genotypes were 
significantly associated with increased risk for acute myeloid leu-
kemia occurrence [19]. 

Also in recent decades the incidences of  oral cancer have in-
creased to a greater extent. Few researches have also attempted to 
estimate the correlation between Bcl2 mutations/polymorphisms 
in oral cancers. Dorjgochoo et al, observed associations between 
genetic variants in the Bcl2 gene and endometrial cancer risk. In 
human endometrial carcinoma tissues, BCL2 expression may be 
a sign of  apoptosis inhibition [20]. Suri et al. performed immu-
nohistochemistry to test the expression, as well as quantify and 
assess the strength and pattern of  Bcl-2 in various histological 
grades of  OSCC. From well-differentiated to poorly differentiated 
OSCCs, the number of  cells expressing Bcl-2 increased, showing 
an inverse association with differentiation [21]. Loro et al. used 
immunohistochemistry to identify the loss of  Bcl2 in oral epithe-
lial dysplasia and OSCC, which could be due to bcl-2 mutations. 
No mutations were discovered that could explain the loss of  bcl2 
in oral dysplasia and carcinoma [22]. Since the expression of  the 
Bcl-2 oncogene is required for tumour development, Gibson et al. 
investigated the effect of  anti-Bcl-2 ribozyme on the phenotype 
of  oral cancer cells and discovered that anti-Bcl-2 activity was 
successful in the treatment of  oral cancer [23]. Fernández-Mateos 
et al,found a significant correlation between Bcl2 gene and oral 
cavity cancer susceptibility. They also identified that the presence 
of  C allele highly reduces the activity of  P1 and Bcl-2 protein 
expression; increasing apoptosis which indicates Bcl2 (rs2279115) 
polymorphism found in P2 gene promoter, acting as a negative 
regulator element, decreasing P1 promoter activity [17, 18]. 

The current research indicates that Bcl2 rs2279115 C/A polymor-
phism acts as an independent risk factor for oral cancer. Although 
we did not observe any significant change between the two groups 
in the present study, the study can be extended to a large number 
of  samples of  different grades and from different populations. 
Since the distribution of  Bcl2 (rs2279115) gene polymorphisms 
were in concordance with the Hardy–Weinberg equilibrium, the 
results of  this study are unlikely to be biased. The major limitation 
of  the study is considered to be the sample size. 

Conclusion

The present study demonstrates the possible association of  Bcl2 
gene polymorphism with oral cancer. Although not significant, 
other variants in Bcl2 gene can be investigated further to identify 
potential drivers of  Bcl2 gene in relation to oral cancer.
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