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INTRODUCTION

ABSTRACT

Aims and Objectives: The primary objective of this study is to determine the
prevalence of Epstein—Barr virus (EBV) in oral potentially malignant disorders
(OPMDs) and oral cancer (OC) in a group of Thais using polymerase chain
reaction (PCR) and Epstein—Barr encoding regions (EBERs) in situ hybridization
(ISH). The secondary objective is to investigate the risk factors of OC and the
association between the presence of EBV and risk factors of OC/site of oral
lesions. Materials and Methods: Sixty-one participants attending the screening
project for OC and OPMDs at the Northeastern district hospitals of Thailand
were recruited. Information related to risk factors and biopsy tissues for
histopathological diagnosis was collected. Sixty-seven paraffin tissue blocks,
including 52 OPMDs and 15 OC specimens, were investigated for EBV infection,
using PCR analysis with latent membrane protein-1 (LM P-1) primer and EBERs
ISH. Pearson’s Chi-square or Fisher’s exact test was used to analyze the differences
in variables between participants with OPMDs and OC, as appropriate. The
association between EBV infection and related risk factors was analyzed using
logistic regression with a significant level at 0.05. Results: Using PCR analysis, 8
of 67 specimens (11.94%) were positive for LM P-1. Three cases of OPMDs were
positive for both LM P-1 PCR and EBERs ISH. Regarding risk factors of OC, the
two most common risk factors were betel nut chewing (52.46%) and working in
sunlight (42.62%). The habit of taking alcohol was significantly different between
the OC and the OPMDs groups (p = 0.009). The association between LM P-1 and
the lesion at the tongue was statistically significant, with odds ratio = 4.900 (95%
confidence interval = 1.046-22.943; p = 0.044). Conclusions: The prevalence of
EBYV infection in this group of participants was low. However, OPMDs at the
tongue exhibited a significant association with EBV infection.

Kevworps: Epstein—Barr virus, LMP-1, EBERs, oral cancer, oral potentially
malignant disorders, risk factor

ccording to a recent report from the National

Cancer Institute of Thailand 2020, the incidence
of oral cancer (OC) has increased over the past
decade. In Thai males, OC is the sixth most common
cancer, whereas it is the tenth most common cancer in
Thai females.!! Oral potentially malignant disorders
(OPMDs) are mucosal lesions that carry a significant
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potential for subsequent progression to OC.? OPMDs
include leukoplakia, erythroplakia, erythroleukoplakia,
oral submucous fibrosis, palatal lesions in reverse
smokers, oral lichen planus, oral lichenoid reactions,
graft versus host disease, oral lupus erythematosus,
actinic cheilitis, and some hereditary conditions such as
dyskeratosis congenita and epidermolysis bullosa.” The
overall malignant transformation (MT) rate of OPMDs
is 7.9%, indicating the seriousness of the problem."
The major risk factors contributing to OPMDs and OC
are well established, including tobacco use, betel quid
chewing, and alcoholism.™

Besides these lifestyle habits, viral infection has also
been documented as a risk factor for OC.® Epstein—Barr
virus (EBV), a double-stranded DNA virus of about
170kb, is one of the most common viruses that cause
several human diseases. EBV infection is ubiquitous,
and people are usually infected in their childhood or
early adolescence.® EBV-determined nuclear antigen-1
(EBNA-1) is required for self-replication of the virus,
whereas EBNA-2 and latent membrane protein-1 (LM P-
1) are related to the immortalization of infected cells
in vitro." The oral cavity and pharyngolarynx are the
main portals through which environmental pathogens
enter the human body. Although EBV has been known
to infect B cells of the pharyngeal tonsils via saliva, it
also infects epithelial cells, leading to several epithelial
malignancies such as nasopharyngeal carcinoma
(NPC), gastric carcinoma, and breast carcinoma.®
A recent study demonstrated EBV infection in OPMDs
and normal mucosal samples, suggesting that the
oral cavity is an environment favoring latent EBV
infection.” In addition, several reports of EBV-related
oral squamous cell carcinoma (OSCC) have been
published worldwide.['™? Still, very few studies on the
association between OC/OPMDs and EBV infection
have been conducted in Thailand.

The primary objective of the study was to determine the
prevalence of EBV infection in OPMDs and OC in a
group of Northeastern Thais. The secondary objective
was to identify the risk factors of OPMDs and OC and
the association between the presence of EBV and the
risk factors of OC. In addition, the comparison between
LMP-1 and Epstein—Barr encoding regions (EBERs)
expression in OC and OPMDs was also performed.

MATERIALS AND METHODS

The study protocol was approved by the committee
on the human right to human experimentation
(COA.NO.MU-DT/PY-IRB 2019/050.3107, COA.
NO.MU-DT/PY-IRB  2020/058.2909, and COA.
NO.MU-DT/PY-IRB 2019/041.0307). The ethical

guidelines of the Declaration of Helsinki were followed
in this study. All details about the volunteers and their
identities were anonymous. Each subject was given
verbal and written information about the nature of
the research, and written informed consent was signed.
Inclusion criteria were participants 40 years old and
older, having OPMDs or OC. Moreover, information
related to documented risk factors of OC, such as
tobacco smoking, use of smokeless tobacco, being
secondhand smokers, alcohol consumption, betel nut
chewing habit, working in sunlight for an extended
time, and a history of head and neck cancer was also
collected. The participants who had other lesions or
missing risk factor data were excluded from the study.

The sample size calculation was conducted using
an infinite population proportion formula with the
prevalence from Reddy er al'¥ Sixty-seven formalin-
fixed paraffin-embedded (FFPE) tissue blocks from
61 participants were retrieved from the screening
project for OPMDs and OC at district hospitals in
the Northeastern area of Thailand. Board-certified
oral and maxillofacial pathologists have done the
histopathological diagnosis of these lesions. These
FFPE tissue blocks included 9 hyperkeratosis, 16 mild
epithelial dysplasia, 9 moderate epithelial dysplasia,
8 severe epithelial dysplasia, 12 OSCC, 10 oral lichen
planus/oral lichenoid reaction, and 3 verrucous
carcinoma specimens.

IN SITU HYBRIDIZATION

Biopsy specimens were fixed in formalin, then
dehydrated, embedded in paraffin, and sectioned by
a routine histopathological method. To examine the
presence of the EBV genome in the specimens, EBER-in
situ hybridization (ISH) was performed on an automated
stainer (Benchmark XT; Ventana Medical Systems,
Inc., Tucson, Arizona) using the INFORM EBER
probe (Ventana Medical Systems, Inc.). Visualization
was performed using the ISH iView Blue Detection Kit
with ISH Protease 2, and Nuclear Fast Red (Ventana
Medical Systems, Inc.) was used as contrast. An NPC
specimen was used as a positive control.

DNA EXTRACTION

First, the FFPE blocks of desired samples were
sectioned to obtain tissue sections of about 3—4 ribbons
with 10-pm thickness using a microtome (LEICA
RM 2255) and collected in a 1.5-mL sterile tube.
DNA extraction was subsequently done by QIAamp
DNA FFPE Tissue (QIAgen, Hilden, Germany)
according to the manufacturer’s protocol. The DNA
concentration was measured using a NanoDrop 2000
spectrophotometer (ND-1000  Spectrophotometer,
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NanoDrop Technologies, Wilmington, Delaware), and
the optical density ratio 260,,/280,, greater than 1.8
was used as the accepted ratio for DNA purity and
polymerase chain reaction (PCR). The processed DNA
was kept at —20 °C until further use.

POLYMERASE CHAIN REACTION

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was amplified for the quality control of DNA. The PCR
mixture for GAPDH primers contained 0.1 pL of each
20-uM primer, 1 pL of 10X buffer, 0.8 pL of 25mM
MgCl,, 1 uL of 50 ng/pL of the investigated DNA, 0.2 nLL
of 10-mM deoxynucleotide triphosphates, 0.5 unit of
Tag DNA polymerase (Thermo Scientific™, Vilnius,
Lithuania), and sterile distilled water to the total volume
of 10 pL. All samples positive for GAPDH were then
subjected to the PCR for EBV investigation. The PCR
mixture for LMP-1 primers to detect EBV contained
25-uM primers; other components were similar to
those used for the GAPDH amplification. The PCR
condition of each primer set was carried out according
to the study by Wanvimonsuk ez al." All PCR products
were subjected to 1% agarose gel electrophoresis. The
gel was stained with Intron redsafe™ and analyzed
under ultraviolet transillumination (Geldoc, Bio-Rad®,
Hercules, California). PCR analysis was conducted in
triplicate in EBV-positive samples to confirm the results.
DNA extracted from NPC and deionized sterile water
were the positive and the negative controls, respectively.

STATISTICAL ANALYSES

Statistical analysis was performed using IBM SPSS
for Windows, version 27.0 (IBM Corp., Armonk, New
York). The association between EBV infection and
related risk factors was analyzed using Pearson’s Chi-
square, Fisher’s exact test and logistic regression with
a significant level at 0.05. The relationship between ISH
and PCR was analyzed by diagnostic test.

RESULTS

The demographic and risk behavior data are shown in
Table 1. All participants were older than 40 years old,
with a mean age of 69.03%10.68 years at diagnosis.
Most participants were in the 6th—7th decade of life
and mainly were female (73.77%). All participants
presented with at least one risk factor. Betel nut
chewing (52.46%) was the most common risk factor
among the participants, followed by working in
sunlight (42.62%) and being a second-hand smoker
(29.51%). Alcohol consumption (58.33%) was the risk
factor most frequently seen in the OC group, whereas
in the OPMDs group, betel nut chewing (55.10%) was
the risk factor most commonly observed [Table 1].
Statistical analysis revealed that alcohol drinking habit

Journal of International Society of Preventive and Community Dentistry | Volume 13 | Issue 3 | May-June 2023

in the OPMDs group was significantly different from
that in the OC group (p = 0.009) [Table 1].

AMPLIFICATION FOR LATENT MEMBRANE PROTEIN-1 BY POLYMERASE
CHAIN REACTION

GAPDH was detected in all of the DNA samples (100%)
for the DNA quality test. Out of 67 DNA samples,
eight cases (11.94%) were positive for EBV. Figure 1
shows PCR amplification of GAPDH (150-bp DNA)
and LMP-1 (129 bp). Regarding the risk factors for OC,
participants with smoking habits exhibited the highest
percentage (21.43%) of EBV expression [Table 2]. Half
of the positive EBV samples were excised from the
tongue. Six of the positive samples were mild epithelial
dysplasia, and the remaining two were oral lichen planus/
oral lichenoid reaction and hyperkeratosis [Table 2].

EBERS EXPRESSION BY in Situ HYBRIDIZATION

Of the 67 OPMDs and OC samples subjected to ISH,
three cases (4.48%) were positive for EBERs [Table 2].
The highest prevalence of EBERs expression was
observed in smokers (14.29%). Interestingly, all EBV-
positive samples were obtained from the tongue. The
histopathological diagnosis of the three positive samples
constituted two cases of mild epithelial dysplasia and a
case of hyperkeratosis [Table 2]. In both mild epithelial
dysplasia and hyperkeratosis, nuclear positivity for
EBERs was observed in the superficial layer of the
epithelium. Representative pictures of positive samples
for EBERs are shown in Figure 2.

COMPARISON BETWEEN LATENT MEMBRANE PROTEIN-1 AND
EPSTEIN-BARR ENCODING REGIONS EXPRESSION

Among eight positive PCR cases, three cases were also
positive for EBERs. Only the samples from the tongue
were positive for both LM P-1 and EBERs. Most of the
EBV-positive specimens, either by PCR (six of eight
cases) or ISH (two of three cases), were diagnosed as
mild epithelial dysplasia [Table 2]. Furthermore, the
diagnostic test demonstrated that the PCR technique
exhibited 100% sensitivity and 92.31% specificity with
a positive predictive value of 37.50% and a negative
predictive value of 100%.

ASSOCIATIONS OF LATENT MEMBRANE PROTEIN-1 AND RISK
FACTORS/SITE OF LESIONS

The associations of LMP-1 and risk factors/site of
lesions were analyzed by logistic regression [Table 3].
No statistically significant association between risk
factors and the presence of LMP-I was revealed
[Table 3]. However, a statistically significant association
between the lesions from the tongue and the presence
of LMP-1 was observed (odds ratio [OR] = 4.900;
95% confidence interval [CI] = 1.046-22.943;
p = 0.044).

<
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Table 1: Demographic and risk behaviors of participants with OPMDs and OC

Characteristics Total cases (n = 61) OPMDs (n = 49) OC(n=12) p value?
n (0 o) n (%)) n (0 u)

Male 16 (26.23) 10 (20.41) 6 (50.00) 0.063

Female 45 (73.77) 39 (79.59) 6 (50.00)

Age (year) 0.467
40-59 9 (14.75) 7 (14.29) 2 (16.67)
60-79 43 (70.49) 36 (73.47) 7(58.33)
>80 9 (14.75) 6(12.24) 3(25.00)

Mean + SD 69.03+10.68 68.08+10.13 72.92+12.42

Range 43-94 43-91 54-94

Tobacco smoking 0.124
Nonsmoker 47 (77.05) 40 (81.63) 7 (58.33)
Smoker 14 (22.95) 9 (18.37) 5(41.67)

Use of smokeless tobacco >0.999
Nonsmoker 42 (68.85) 35(71.43) 7 (58.33)
Smoker 16 (26.23) 14 (28.57) 2 (16.67)
N/A 3(4.92) 0(0.00) 3(25.00)

Being secondhand smoker >0.999
No 37 (60.65) 31(63.27) 6 (50.00)
Yes 18 (29.51) 15 (30.61) 3(25.00)
N/A 6(9.84) 3(6.12) 3(25.00)

Alcohol drinking 0.009
Nondrinker 45 (73.77) 40 (81.63) 5(41.67)
Drinker 16 (26.23) 9 (18.37) 7 (58.33)

Betel nut chewing 0.404
Nonchewer 29 (47.54) 22 (44.90) 7 (58.33)
Chewer 32 (52.46) 27 (55.10) 5(41.67)

Working in sunlight 0.468
No 35(57.38) 27 (55.10) 8 (66.67)
Yes 26 (42.62) 22 (44.90) 4 (33.33)

History of head and neck cancer 0.554
No 57 (93.44) 46 (93.88) 11 (91.67)
Yes 3(4.92) 2 (4.08) 1(8.33)
N/A 1(1.64) 1(2.04) 0 (0.00)

OC = oral cancer, OPMDs = oral potentially malignant disorders, SD = standard deviation
2p value from Pearson’s Chi-square or Fisher’s exact test

M N P 1 2 3

M N P 1 2 3

6 7 8 9 10

@ e

6 7 8 9 10

(B)

Figure 1: PCR amplification of GAPDH (A) and LMP-1 (B) genes: Lane M: 100 bp DNA ladder, N: Negative control (dH,0), P: Positive
control (NPC), Lanes 1-6: Positive samples diagnosed with mild epithelial dysplasia, Lane 7: Positive sample diagnosed with oral lichen
planus/oral lichenoid reaction, Lane 8: Positive sample diagnosed with hyperkeratosis, and Lanes 9-10: Negative EBV samples diagnosed
with severe epithelial dysplasia and OSCC, respectively. EBV = Epstein—Barr virus, GAPDH = glyceraldehyde-3-phosphate dehydrogenase,
LMP-1 = latent membrane protein-1, NPC = nasopharyngeal carcinoma, OSCC = oral squamous cell carcinoma, PCR = polymerase chain

reaction

DiscussioN

Accordingto PCR analysis, the prevalence of EBY DNA
in OPMDs and OC was 11.94% (8/67), with the highest
prevalence in the mild epithelial dysplasia samples

(75%). However, only two cases of mild epithelial
dysplasia and one case of hyperkeratosis showed
positivity for EBERs [Table 2]. Most of the previous
studies in Thailand focused on the presence of EBV in
OSCC rather than OPMDs. For example, a study in
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Northern Thailand by Tamaroon et al.'® demonstrated ~ EBV DNA in 45.05% of OSCC cases, and 18.08% of
a lack of EBERs expression in OSCC. Consistently, we  controls from oral exfoliated cells retrieved from OSCC
could not detect EBV DNA in any of the OSCC cases  lesions or normal oral mucosa, respectively. In contrast,
by PCR analysis. In contrast, Acharya et al.'¥ detected  a study by Rahman et «/”) in Central Thailand using

Table 2: Risk factors/clinicopathologic characteristics and EBV infection

Characteristic n (%) Positive PCR Positive ISH
n (%) n (%)
Oral cancer risk factor (n = 61 participants)
Tobacco smoking 14 (22.95) 3(21.43) 2(14.29)
Being secondhand smoker 18 (29.51) 3(16.67) 1(5.59)
Use of smokeless tobacco 16 (26.23) 3(18.78) 1(6.25)
Alcohol drinking 16 (26.23) 1(6.25) 1(6.25)
Betel nut chewing 32 (52.46) 3(9.38) 1(3.13)
Working in sunlight 26 (42.62) 5(19.23) 2 (7.69)
History of head and neck cancer 3(4.92) 0 0
Site of lesions (n = 67 specimens)
Buccal mucosa 28 (41.79) 2(7.14) 0
Tongue 14 (20.90) 4 (28.57) 3(21.43)
Lip 11 (16.42) 1(9.09) 0
Other sites 14 (20.90) 1(7.14) 0
Histopathological diagnosis (n = 67 specimens)
Hyperkeratosis 9 (13.43) 1(11.11) 1(11.11)
Mild epithelial dysplasia 16 (23.88) 6 (37.50) 2 (12.50)
Moderate epithelial dysplasia 9(13.43) 0 0
Severe epithelial dysplasia 8(11.94) 0 0
Squamous cell carcinoma 12 (17.91) 0 0
Oral lichen planus/oral lichenoid reaction 10 (14.93) 1 (10.00) 0
Verrucous carcinoma 3(4.48) 0 0

EBV = Epstein—Barr virus, ISH = in situ hybridization, PCR = polymerase chain reaction

Figure 2: EBERs expression (original magnification, 200X): (A) Positive control: NPC, (B) Negative control from normal oral mucosa,

(C) Representative of negative EBERs from OC: OSCC, (D-F) Representative pictures of positive samples diagnosed with mild epithelial
dysplasia (D and E) and hyperkeratosis (E). EBERs = Epstein—Barr encoding regions, NPC = nasopharyngeal carcinoma, OC = oral cancer,
OSCC = oral squamous cell carcinoma
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Table 3: Association of risk factors/site of lesions and
EBYV PCR positivity

Risk factors (n = 61) OR adj. (95% CI) p value?
Tobacco smoking (yes vs. no) 17.341 (0.795-378.054) 0.070
Secondhand smoker (yes vs. 0.45 (0.040-5.046) 0.517
no)

Alcohol drinking (yes vs. no) ~ 0.099 (0.005-2.028)  0.133
Betel nut chewing (yes vs. no)  1.760 (0.129-23.965)  0.671
Working in sunlight (yes vs. 1.917 (0.174-21.125)  0.595
no)

Site of lesions (n = 67) OR (95% CIT) p value®
Tongue vs. nontongue 4.900 (1.046-22.943)  0.044

CI = confidence interval, EBV = Epstein—Barr virus, OR = odds
ratio, PCR = polymerase chain reaction

ap value from multivariable logistic regression
bp value from univariable logistic regression

immunohistochemistry revealed that all (100%) of the
biopsy specimens, including 10 normal oral mucosa, 69
oral leukoplakia with or without epithelial dysplasia,
and 36 OSCC expressed LMP-1 protein. Moreover,
an increasing trend in percentages of LMP-I protein
expression was observed among normal mucosa
(26.36%), oral leukoplakia without dysplasia (28.03%),
oral leukoplakia with dysplasia (34.15%), and OSCC
(59.67%).”1 The diversity in EBV prevalence may result
from various factors, such as geographical differences,
sample collection techniques, sample preparation, and
EBYV detection methods.

Of the eight EBV DNA-positive OPMDs cases, only
37.5% (3/8) expressed EBERs within the nuclei in the
epithelium, indicating the subcellular localization of
latent EBV infection.'” A comparison of the EBV
detection method between PCR and ISH revealed that
PCR showed a high sensitivity of 100% and specificity
of 92.31% for EBV detection. PCR analysis and ISH
possess both advantages and disadvantages. The PCR
technique is a highly sensitive method for EBV DNA
detection.® A study conducted in China compared
three methods for detecting EBV in FFPE tissues of
Hodgkin’s lymphoma.!'8 The PCR technique exhibited
the highest rate of detection (74.6%), followed by ISH
for EBER-1 RNA (67.8%) and immunohistochemistry
for LMP-1 protein (66.1%). In addition, the PCR
technique is less expensive and more approachable than
the ISH technique. We used primers to detect the LM P-
1 gene of EBV in FFPE tissues. However, this method
cannot determine the subcellular localization of EBV
within the lesion or distinguish between EBV-driven
diseases and bystander EBV infection. EBERs RNA is
expressed in all latency stages of EBV-infected cells.!'”!
Hence, EBERs expression, considered a standard

technique for EBV detection in human specimens,
might solve this drawback.”

Among EBV-positive OPMDs cases, mild epithelial
dysplasia (six of eight) was the most common lesion
being positive for EBV, followed by hyperkeratosis (one
of eight) and oral lichen planus/oral lichenoid reaction
(one of eight). Our findings were consistent with a
previous study, in which EBER-1 RNA was frequently
detected in oral epithelial dysplasia: 62.5% in mild
dysplasia and 38.5% in severe dysplasia.?!! Kikuchi
et al." also demonstrated higher expression of EBERs
in severe epithelial dysplasia (94.4%) compared with
OSCC (34.7%). These findings suggested that the
degree of epithelial dysplasia might not be the factor
influencing EBV infection.!"!

The second objective of this study was to determine the
risk factors of OPMDs and OC in these participants.
Betel nut chewing habit (52.46%) and working in
sunlight (42.62%) were the two most common risk
factors among them [Table 1]. Betel nut chewing is
frequently associated with the occurrence of OPMDs, 2
whereas sunlight exposure is strongly related to lip
cancer.” In our study, most participants were farmers;
therefore, they had a long duration and intense sunlight
exposure, which could induce OPMDs or OC of the
lip. Although only about one-third of the participants
(26.23%) had the habit of taking alcohol, a significant
difference in alcohol-taking habit was observed between
the OC and OPMDs. This could be because the number
of participants with OC was low compared with that
with OPMDs, and more than half of participants with
OC consumed alcohol. A previous study in Thailand
demonstrated that alcohol consumption and betel
quid chewing were significantly associated with OSCC
(adjusted OR = 6.15and 11.34, respectively).!'¥y Another
study investigating the associated risk factors of
OPMDs in Northeastern Thailand indicated that betel
nut chewing, smoking, and alcohol consumption were
strongly associated with an increased risk for OPMDs
(adjusted OR = 8.81; OR = 7.53; and OR = 4.57,
respectively).?¥ These findings and ours suggested that
betel nut chewing habit and alcohol consumption are
still prominent in Northeastern Thais, and a program
to persuade these people to quit these risk factors
should be taken into account.

The association between the presence of EBV and
risk factors of OC/site of oral lesions was further
evaluated. No association between the presence of
EBYV and risk factors of OC was found. However, the
presence of EBV was associated with tongue lesions.
A previous study revealed that the predominant oral
site for EBV-positive OSCC was the lateral border of
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the tongue.’* A study by Shahrabi-Farahani et al.*
demonstrated a relationship between EBV and OSCC
in Iranian patients and showed the presence of EBV
in 72.3% of the tongue OSCCs. In our study, 50%
and 100% of EBV-positive OPMDs detected by PCR
and ISH, respectively, were located on the tongue.
Additionally, logistic regression analysis suggests that
OPMDs at the tongue possessed a high risk of EBV
infection compared with other sites (OR = 4.90; 95%
CI = 1.046-22.943; p = 0.04). This result raises the
notion that latent infection of EBV may be often found
at the tongue as observed in oral hairy leukoplakia,?®
an EBV-associated condition usually located at the
lateral borders of the tongue.

In this study, various methods were conducted to
compare and confirm EBV expression in OPMDs
and OC. In addition, the association between OC risk
factors and EBV expression also were observed, though
many risk factors showed no significant difference with
EBYV expression by statistical analysis. The limitations
of this study include a small number of categories of
biopsy specimens. Most of the specimens were mild
epithelial dysplasia, whereas there were very few cases
of moderate and severe epithelial dysplasias. Moreover,
the tissues included in this study were FFPE tissues, in
which the qualities of DNA and RNA may be inferior
to the fresh tissues. Therefore, more samples with a
considerable number of each category of dysplasia
would further be recruited. Moreover, our specimens
came from only one center; hence, for generalizability, a
multicenter study should, therefore, be considered.

CONCLUSION

In conclusion, our study indicated that the prevalence
of EBV infection in this group of participants was
low. Most of the positive EBV samples were mild
epithelial dysplasia, whereas the presence of EBV was
significantly associated with OPMDs lesions of the
tongue. No statistically significant association between
risk factors and the presence of LMP-1 was found by
logistic regression analysis.
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EBV: Epstein—Barr virus

FFPE: formalin-fixed, paraffin-embedded
GAPDH: glyceraldehyde-3-phosphate dehydrogenase
ISH: in situ hybridization

LMP-1I: latent membrane protein-1

NPC: nasopharyngeal carcinoma

OC: oral cancer

OPMDs: potentially malignant disorders
OSCC: oral squamous cell carcinoma

OSF: oral submucous fibrosis

PCR: polymerase chain reaction
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