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Oral Squamous Cell Carcinoma (OSCC) has varied etiology. Among the etiological factors, genetic predisposition
or the presence of oncogenic viruses can cause impairment in the physiological mechanisms of cellular prolifer-
ation control. The present study was chosen to determine the association of Epstein- Barr virus (EBV) with oral
squamous cell carcinoma and oral potentially malignant disorders (OPMD). Oral exfoliated cells were collected
from the subjects diagnosed with OSCC (n = 19), OPMD (n = 23) and healthy subjects without any deleterious
condition (n = 39). The DNA extraction was performed with DNeasy Blood & Tissue Kits (Qiagen, Germany).
Quantitative Real-Time PCR was then carried out with QuantiNova® SYBR® Green PCR Kit (Qiagen, Germany).
Statistical analysis was performed using Chi-square test. EBV DNA was detected in all samples of all the three
groups. Compared to healthy subjects, very high EBV load was observed in the oral exfoliated cells of OSCC and
OPMD patients. The presence of EBV DNA in all the subjects of all the three groups reveals that EBV is an oral res-
ident. Besides its presence, the abundance of EBV DNA among OSCC and OPMD suggests it’s association to these
pathologies. The high odds and risk ratio obtained for EBV copy number further supports a strong association of
this virus to OSCC and OPMD. This may be the first study to quantify EBV DNA in oral exfoliated epithelial cells
of OSCC and OPMD.

in the oropharyngeal epithelial cells with gradual migration to sub ep-
ithelial B-cells. Acquired immunity does not lead to elimination of EBV

Background

Oral squamous cell carcinoma (OSCC) is on the rise in India and
Indian subcontinent countries. The etiology of OSCC is varied and com-
prises many factors. Tobacco habit is one of the major risk factors for
OSCC [1]. However, etiological factors such as familial inheritance or
oncogenic viruses can damage the physiological mechanisms involved
in the regulation of cellular proliferation [2]. The human viruses viz.,
Human Papilloma Virus (HPV), Hepatitis C virus, Human T-cell lym-
photropic virus, Epstein-Barr virus (EBV), Kaposi’s sarcoma virus, Hep-
atitis B virus have gained importance in contributing to 10-15% of can-
cer burden worldwide. However the link of EBV to OSCC is still debat-
able [3,4].

EBV was the first human virus reported to be associated with the
pathogenesis of many types of tumor [5]. Globally, EBV infection is re-
ported in more than 90% population [6]. The EBV infection is initiated

infection. Like all herpesviruses, the infection remains latent for the life
of the person. The latency-associated viral proteins in EBV comprises
three membrane proteins (Latent membrane protein (LMP) - 1, 2A and
2B) and six nuclear antigens (Epstein— Barr nuclear antigen [EBNA] - 1,
2, 3A, 3B, 3C, leader protein (LP). The EBV nuclear antigens (EBNAI,
EBNA 3C and LMP 1) promote genomic instability, breaking of DNA and
phosphorylation of histone H2AX [7]. It has been hypothesized that EBV
interferes with diverse cellular activities leading to genomic instability,
which is crucial in the events of viral oncogenesis [8]. Chronic usage of
tobacco products can lead to recurrent EBV infection and deficiency in
local immunity [2,9-11]. In conformity, this might result in the shed-
ding of EBV from natural reservoirs and its replication [12]. Thus EBV
may also play a synergistic role with tobacco in the malignant transfor-
mation of oral potentially malignant disorders (OPMD).
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Hardly any studies indicate the EBV load in the oral epithelial cells
of patients with OSCC and OPMD in India. Hence the present study was
designed to determine the EBV copy number in the oral epithelial cells
of patients with OSCC and OPMD and its possible association.

Methods

This study was approved by the Institutional Ethics Committee of
Sree Balaji Dental College & Hospital, Chennai. The study participants
were recruited between September 2016 to June 2017. Written consent
was obtained from the patients and healthy individuals after explaining
the study proposal.

The study population included patients with OSCC (Group A, n=19)
and patients with OPMD (Group B, n = 23). Age and sex - matched in-
dividuals with no mucosal lesions and no history of deleterious habits
comprised healthy controls (Group C, n = 39). Patients before treat-
ment for OSCC/OPMD were included for the study. Patients who were
terminally ill, patients on antibiotic and antifungal therapy for the past
three months were excluded. All subjects in the study group (OSCC &
OPMD) were diagnosed clinically. Incisional biopsy was performed for
all cases of OSCC and suspicious cases of OPMD which included red
lesions (Erythroplakia), red and white lesions (Erythroleukoplakia or
speckled leukoplakia), and severe oral submucous fibrosis (OSMF) to
rule out malignancy.

Sample collection

Oral epithelial cells were collected from Group A and Group B sub-
jects with a sterile cytobrush by rotating it for 10 s on the lesion. The
cytobrush with oral epithelial cells were transferred to a sterile 1.5 ml
tube containing 1 ml of RNA later (Qiagen, Germany) by gentle rotary
movement of cytobrush. Among healthy subjects oral epithelial cells
were collected from normal buccal mucosa. The samples were stored at
—20 °C until assay.

DNA extraction

The RNA later containing oral epithelial cells was centrifuged at
7500 rpm for 10 min and the supernatant was discarded. DNA was ex-
tracted from all the samples using DNeasy Blood & Tissue Kits (Qiagen,
Germany) as per the manufacturer’s instructions. The extracted DNA
was stored at —20 °C until assay.The purity of the DNA was checked and
quantified by Qubit 4.0 Fluorometer. (Thermo Fisher Scientific, US.)

Real- time PCR protocol

Quantitative Polymerase chain reaction (qPCR) targeting EBV
EBNA-1 gene was performed using the primers (EBV-EbNA-
1F:5"-CCGCTCCTACCTGCAATATCA-3’; and EBV-EbNA-1R:5"-
GGAAACCAGGGAGGCAAATC-3’) previously described by Fellner
et al. [13] Real-Time PCR amplification was performed in a 10 ul
reaction volume consisting of 5 ul of QuantiNova® SYBR® Green PCR
Master Mix (Qiagen, Germany), 0.1 ul of QN ROX Reference Dye, 0.5
ul of 10 pmol of each EBV-primer, 2 ul of DNA template and DNase
and RNase-free PCR grade water. The amplification was performed in
QuantStudio 5 Real-Time PCR system (Applied Biosystems, USA) with
initial hold stage at 95 °C for 2 min, PCR stage at 95 °C for 10 s, 60 °C
for 30 s for 40 cycles, reaction specificities were finally verified by
melting curve analysis using melt curve stage at 95 °C for 1 s, 60 °C
for 20 s and 95 °C for 1 s. Known positive (calibrator) and no template
control (NTC) was also included. NTC contained all the components of
the reaction except the template (DNA).The qPCR assay was performed
for all the samples in duplicate and the mean of the two results were
recorded.

Positive control (calibrator) comprised a fragment of EBNA-1 cod-
ing gene from the EBV genome produced by gene synthesis (BioServe,
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India). A standard curve was constructed with the Cy (threshold cycle)
values obtained from serially diluted (10~ to 10710) positive control
and the EBV copy number for clinical samples was calculated by plot-
ting the results (C; values) on the standard curve plot. The viral load in
each sample was expressed as the number of viral DNA copies per 50 ng
of purified DNA.

Statistical analysis

Independent sample t-test was performed to calculate the signifi-
cance of EBV copy number among OSCC and OPMD. The odds and risk
ratio was calculated for the samples containing > four log count of EBV
copy number by Chi-square test with 95% confidence interval. A p-value
of <0.05 was considered significant.

Result

Majority of the patients belonging to OSCC and OPMD had the habit
of either smoking or chewing tobacco, with or without the habit of alco-
hol consumption. OPMD group comprised 23 patients viz., OSMF (n=7),
Erythroplakia (n = 6), Leukoplakia (n = 7), erythroleukoplakia (n = 3).
Table —1, 2 &3 shows the prevalence of EBV DNA copy number in all the
three groups (OPMD, OSCC and Health). All the samples in three groups
showed the presence of EBV DNA. Majority of the samples in the study
groups (Group A& Group B) showed significantly high DNA copy num-
bers. Among Group A (n = 19) only three samples had low DNA copy
number (1.5 - 5.0 x 102), while the remaining 16 samples possessed
significantly high DNA Copy numbers (> 1.0 x 10%). Among Group B
excluding one sample (1.2 x 102) all others had high DNA copy num-
bers (1.0 x 10% — 1.3 x 10%. Conversely, the EBV DNA copy numbers
were very low in the control group (group C). (Fig —1) Among the seven
OSCC patients without habits, six patients’ samples harboured a very
high EBV copy number. Significant difference between grading/habits
and EBV DNA copy number were not observed both in Group A (OSCC)
and Group B (OPMD) subjects. (Tables 1& 2) The risk ratio/odds ratio for
Group A and Group B were2.822/ 5.328 and 4.66/ 85.25 respectively.
A very high statistical significant difference (p = 0.000) was observed
between the study groups (group A, p = 0.000 and group B, p = 0.000)
and healthy group (group C) concerning the DNA copy numbers of EBV
(Table 3).

Discussion

Subjects with absence of established risk factors may also develop
OSCC. This suggests the presence of other additional factor which may
include infections with oncogenic viruses. EBV, an oncogenic human
herpes virus recognized as the first human tumor virus has been as-
sociated with various types of epithelial and B-lymphocyte cell malig-
nancies. EBV infection is observed as a latent infection lifelong among
asymptomatic individuals [14-17].

Accumulating evidence suggests the association of Epstein-Barr virus
to increased risk of OSCC [18]. In the present study, Real- Time PCR
was targeted to amplify the highly conserved EBNA1 gene of 73-bp
size. EBNA1 gene which codes for EBV nuclear antigen 1lis essential
for the conservation of the EBV genome in the infected cell. EBNA 1,
a highly conserved gene in all EBV strains was chosen because they en-
code the product, Epstein-Barr nuclear antigen 1, which is important in
viral pathogenesis [5,7].

To the best of our knowledge none of the earlier studies have re-
ported 100% positivity of EBV in diseased and healthy subjects. More-
over, all the earlier studies were qualitative. Hence, we designed the
present study to quantify the EBV DNA copy in the exfoliated cells of
OSCC, OPMD and healthy subjects. The results of the present study show
a very high mean EBV DNA copy number among OPMD and OSCC pa-
tients compared to healthy subjects. Significant odds and risk ratio was
observed for EBV among group A and group B. Earlier eight studies
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Table 1.
Prevalence of EBV — EB nuclear antigen 1 DNA load, pathology parameters & habits among Group A (OSCC).
S.;no  Sampleld EBVcopyno EBVcopies Grade localization Habits
1 K6 13,292 1.3 x 10* WD Tongue Tobacco Chewing+smoking+alcohol
2 K7 16,005 1.6 x 10* WD Buccal mucosa Tobacco Chewing+smoking+alcohol
3 K8 13,818 1.3 x 10* WD Buccal mucosa No habits
4 K10 23,733 2.3 x 10* WD Buccal mucosa Tobacco Chewing+ alcohol
5 K11 13,174 1.3 x 10%* WD Tongue No habits
6 K14 10,663 1.0 x 10* MD Floor of the mouth ~ Tobacco Chewing+smoking+alcohol
7 K16 13,600 1.3 x 10* MD Buccal vestibule Tobacco Chewing+smoking+alcohol
8 K19 11,491 1.1 x 104 PD Palate Smoking-+alcohol
9 K20 34,259 3.4 x 10%* MD Buccal vestibule No habits
10 K21 12,196 1.2 x 10%* MD Buccal vestibule No habits
11 K23 24,148 2.4 x 10* MD Buccal mucosa Tobacco Chewing
12 K27 18,505 1.8 x 10%* WD Buccal mucosa No habits
13 K28 18,409 1.8 x 104 MD Buccal vestibule Tobacco Chewing
14 K36 13,708 1.3 x 10%* WD Tongue No habits
15 K37 43,691 4.3 x10* WD Retromolar area Tobacco Chewing + alcohol
16 K40 14,256 1.4 x 10* WD Buccal mucosa Tobacco Chewing + alcohol
17 K51 502 5.0 x 10% WD Buccal mucosa Tobacco Chewing + alcohol
18 K58 153 1.5 x 10%* WD Floor of the mouth ~ No habits
19 K64 289 2.8 x 102 WD Buccal mucosa Tobacco Chewing+smoking+alcohol

*EBV load in patients with no habits, WD= Well differentiated squamous cell carcinoma MD= Moderately differentiated
squamous cell carcinoma, PD= Poorly differentiated squamous cell carcinoma.

Table 2.
Prevalence of EBV — EB nuclear antigen 1 DNA load, pathology parameters & habits among Group B (OPMD).
S.;no  Sampleld EBVcopyno EBV copies OPMD localization Habits
1 K1 12,077 1.2 x 10* Leukoplakia Buccal mucosa Tobacco Chewing
2 K2 18,173 1.8 x 10* Leukoplakia Buccal mucosa  Smoking+Alcohol
3 K3 22,208 2.2 x 10% OSMF Buccal mucosa Tobacco Chewing+Alcohol
4 K4 24,160 2.4 x10* Erythroplakia Buccal mucosa Tobacco Chewing +Alcohol
5 K5 11,869 1.1 x 10* Leukoplakia Buccal mucosa  Smoking
6 K9 14,472 1.4x10* Leukoplakia Buccal Smoking+
mucosa Tobacco Chewing+Alcohol
7 K12 10,432 1.0 x 10* OSMF Buccal mucosa ~ Tobacco Chewing+Alcohol
8 K13 11,748 1.1 x 10* Erythroplakia Buccal mucosa ~ Smoking+Tobacco Chewing +Alcohol
9 K15 38,409 3.8 x 10* Erythroplakia Buccal mucosa ~ Smoking+Tobacco Chewing +Alcohol
10 K17 11,098 1.1 x 104 Erythroleukoplakia Buccal mucosa Smoking+Tobacco Chewing +Alcohol
11 K18 20,504 2.0 x 10* Leukoplakia Buccal mucosa ~ Smoking
12 K22 26,498 2.6 x 104 OSMF Buccal mucosa Tobacco Chewing
13 K 24 26,816 2.6 x 10* Erythroleukoplakia Buccal mucosa Smoking+Tobacco Chewing +Alcohol
14 K25 18,647 1.8 x 10* Leukoplakia Tongue Tobacco Chewing +Alcohol
15 K26 20,082 2.0 x 10* Erythroplakia Buccal mucosa ~ Smoking+Tobacco Chewing +Alcohol
16 K29 12,862 1.2 x 10* Erythroleukoplakia ~ Buccal mucosa  Smoking+ +Alcohol
17 K30 17,602 1.7 x 10* Leukoplakia Buccal mucosa  Tobacco Chewing
18 K31 14,655 1.4 x 104 Leukoplakia Buccal mucosa ~ Tobacco Chewing
19 K32 138,233 1.3 x10° OSMF Buccal mucosa Tobacco Chewing
20 K33 14,856 1.4 x 10* Leukoplakia Buccal mucosa ~ Tobacco Chewing
21 K34 11,979 1.1 x 10* OSMF Buccal mucosa ~ Smoking+Tobacco Chewing +Alcohol
22 K35 12,503 1.2 x 104 OSMF Buccal mucosa Tobacco Chewing
23 K44 126 1.2 x 102 Erythroleukoplakia Buccal mucosa Smoking+Tobacco Chewing +Alcohol
OSMF= Oral submucous fibrosis.
Table 3. four have used the primers that target EBV-DNA (BAM-HW) and have
Comparison of EBV DNA Load in OSCC/ OPMD and healthy sub- reported a very low prevalence of EBV in the tissues of OSCC patients
Jects. and normal tissues [19-21,25]. The 100% presence of EBV among OSCC
0SCC and health patients is well in line with Cruz et al. Conversely, the prevalence of EBV
Group mean Std deviation ¢ P value in the healthy cohorts does not agree with Cruz et al. study [20]. Three
A (0SCC) n = 19 15573.3  10,725.3 4554  0.000" other studies have used primers targeting EBV-DNA [22-24]. One study
C(Healthyn =39 3014.23 9419.06 4352  0.000* has used primers targeting EBV-DNA (EBNA2) [26]. The results of the
OPMD and health present study do not agree with Sand et al. and Bagan et al. who have
B(OPMD)n =23 221743 26,4155 4126 0.000* reported 37.9% / 40% and 7.4% / 0% of EBV DNA in the tissues of OSCC
C (Health) n = 39 3014.23 9419.06 3.355 0.003

T- Test, * = highly significant p value.
0OSCC= Oral squamous cell carcinoma.
OPMD = Oral potentially malignant disorders.

have reported the prevalence of EBV in the paraffin-embedded tissues
of OSCC patients by conventional PCR [19-26]Among the eight studies,

patients/normal tissue respectively by nested PCR [27,28]. This study
has reported 100% prevalence compared to a Japanese study, who has
shown 83.33% of EBV DNA (BAMHW) by in situ hybridization [29].
The present study has detected a very high prevalence of EBV in the
oral exfoliated cells of OSCC patients and healthy controls compared to
a study among Thailand population by Sulav Acharya et al. 2015who
has detected EBV (OSCC=45.05%, healthy subjects = 18.08%) by nested
PCR using primers specific for EBV DNA polymerase [30]. The results
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of our study reveals a very high prevalence of EBV compared to Jiang R
et al. 2012 who has reported 52.40% and 30.4% EBV positivity in OSCC
and in healthy subjects respectively by RT qPCR [31]. Correspondingly,
the present study shows a very high prevalence of EBV DNA compared
to Jamshid Jalouli et al. 2012 who has reported 55% EBV positivity in
OSCC by nested PCR [32]. Our study revealed a very high prevalence of
EBV compared to a north Indian study by Jamshid Jalouli et al. 2010by
PCR/DNA sequencing (25% in OSMF and 29% in OSCC) and Sand LP
et al. 2002by nested PCR (37.9% in OSCC and 7.3% in healthy persons)
[27,33].

Real - time PCR was chosen as it is an excellent method for Quantifi-
cation of DNA. In comparison to earlier studies, our study stands unique
as we have reported EBV DNA in all the samples of all the three groups.
This finding may be attributed to the primers that were designed to am-
plify all the EBV strains as these primers possess highly conserved genes.
EBV DNA presence in the oral epithelial cells of all the samples reveals
that the oral cavity may be a reservoir for EBV. Even though all samples
(study and control) showed the presence of EBV DNA, a highly signifi-
cant EBV-DNA copy number was observed among Group A and Group
B. (Fig 1) This finding of the present study and the presence of a highly
significant EBV copy number in patients without any habits suggests a
strong association of EBV risk to OPMD and OSCC. The significant odds
and risk ratio among the OPMD and OSCC group may associate EBV
as a risk factor for these conditions. Quantification of this oncogenic
virus in the oral exfoliated cells of OSCC and OPMD patients may be
suggested to associate them to these conditions. A coordinated effort by
basic medical scientists and clinical investigators will improve our ratio-
nal approach for applying and interpreting EBV tests in oral pathology
clinical settings.

Conclusion

Given the inconsistencies observed in the previous studies, we aimed
to quantify the EBV DNA by targeting the EBNA1 gene by real time
PCR in the oral exfoliated cells of oral squamous cell carcinoma, oral
potentially malignant disorders and healthy cohorts. All the subjects in
the three cohorts harboured EBV DNA. In spite of 100% prevalence in
all three groups, a highly significant EBV copy was observed in the oral
exfoliated cells of patients with OSCC and OPMD compared to healthy
subjects. The large variation in the levels of EBV DNA shown by the
error bars (Fig —1) strongly recommend that the quantification of EBV
DNA in the oral epithelial cells of OPMD and OSCC patients may add

a diagnostic value in assessing the role of EBV in these conditions. The
high odds and risk ratio obtained for EBV DNA copy further supports a
strong link of this virus to OSCC and OPMD. Similar studies with a large
sample size will throw more light in the association and diagnostic value
of EBV to OSCC and OPMD.
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