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Abstract

Background: As oral cavity is the main location of Epstein-Barr virus (EBV) latency and shedding, and as EBV-encoded
latent membrane protein-1 (LMP-1) has a crucial role in cell transformation, association between EBV infection, LMP-1
expression and oral malignancy is of interest. Although EBV DNA has been detected in oral squamous cell carcinoma
(OSCQ), studies on LMP-1 expression in OSCC and oral potentially malignant disorders are scarce and still controversial.
This study aimed to evaluate the expression of LMP-1 in OSCC and oral leukoplakia (OL).

Methods: Biopsy specimens of 36 OSCC, 69 OL with and without dysplasia and 10 normal oral mucosa were assessed
for the expression of LMP-1 using immunohistochemistry. In each case, at least 1000 cells were counted. Cells with
staining were considered positive, classified by location as nuclear, cytoplasmic and nuclear plus cytoplasmic staining.

OL with and without dysplasia.

Percentage of positive cells at different locations and of total positive cells were determined. For statistical analysis,
SPSS version 21 was used. Statistical significance was considered at p < 0.05.

Results: LMP-1 was expressed in all studied specimens. In terms of percentage of total positive cells, LMP-1 expression
was higher from normal mucosa (26.36%), OL without dysplasia (28.03%), OL with dysplasia (34.15%), to the
significantly highest, (59.67%) in OSCC. In addition, cells with nuclear staining alone, cytoplasmic staining alone and
cells with nuclear plus cytoplasmic staining were significantly higher in OSCC compared to those of normal mucosa,

Conclusions: LMP-1 was overexpressed in OSCC. Our analysis on subcellular localization of LMP-1 in OSCC revealed
prominent distinguished pattern, cytoplasmic distribution. Further studies in cell lines and animals are required to
clarify the association between this EBV-encoded proteins and oral carcinogenesis.
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Background
Epstein-Barr virus (EBV) is a well-known oncogenic virus in-
fecting majority of the population worldwide. After the initial
infection, EBV remains latent in B lymphocytes, oropharyn-
geal and salivary gland epithelium where it multiplies and
keeps shedding into the saliva without causing major symp-
toms in the majority of lifetime carriers [1].

There are few genes which are expressed in EBV latent
infected cells. The viral proteins of these genes may partici-
pate in carcinogenesis by targeting the various hallmarks of
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cancer [2]. Among them, latent membrane protein-1
(LMP-1), a dominant oncoprotein, is commonly found in
cancers of epithelial cells. Primarily, LMP-1 functions as an
active tumour necrosis factor (TNF) by resembling CD-40
and consequently activates several signaling pathways,
JAK-STAT, ERK-MAPK, JNK-p-38, PI3K-AKT and NEF-
kB in a ligand-independent manner. Activation of these
pathways facilitates several downstream pathological effects
of LMP-1 expression including cell proliferation, anti-
apoptosis, angiogenesis and metastasis [3].

EBV infection has been found in normal oral epithelium
[4, 5], oral leukoplakia (OL) [4], oral lichen planus [4, 5]
and also in oral squamous cell carcinoma (OSCC) [4-7].
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The prevalence of EBV DNA in OSCC ranged from 10.7 to
100% in Japan, Sweden, Spain and the Netherlands [5, 8-10].
In Thailand, a study conducted in a Northeast province found
EBV DNA in oral exfoliated cells of 45% of OSCC patients
[7]. In contrast, EBV RNA could not be detected in OSCC
cases in the North of Thailand [11]. Gonzalez et al. [8] found
LMP-1 expression in 85% of OSCC with EBV DNA whereas
no LMP-1 expression in EBV DNA-positive OSCC was re-
ported by Cruz et al. [9]. A recent study in formalin-fixed,
paraffin-embedded tissues found LMP-1 gene and its expres-
sion in OSCC, oral epithelial dysplasia as well as in morpho-
logically healthy tongue and gingiva of different patients [10].

With limited and controversial reports on LMP-1 ex-
pression in OSCC and oral potentially malignant disor-
ders, this study evaluated the expression of LMP-1 in
OSCC and oral leukoplakia (OL). We also examined the
subcellular localization of LMP-1 in these lesions.

Methods
Samples
Biopsy specimens, collected between 2010 and 2015, in
the Department of Oral and Maxillofacial Pathology,
Faculty of Dentistry, Mahidol University, were evaluated.
In this study, 4 groups of sample tissues; normal oral
mucosa, OL without dysplasia, OL with dysplasia and
OSCC cases were included. The Institutional Review
Board at the Faculty of Dentistry Mahidol University ap-
proved the study (MU-DT/PY-IRB 2016/059.0211).
Cases with the histopathological features of invasion of
dysplastic squamous cells through the epithelial basement
membrane into the underlying connective tissue were se-
lected to represent OSCC. Cases with the histopathological
feature of hyperkeratosis were used to represent OL without
dysplasia whereas features of epithelial dysplasia were used
for OL with dysplasia. Criteria used for dysplasia were a
combination of cytological and architectural changes in the
oral epithelium [12]. After reviewing the histopathological
features, selected cases were retrieved as paraffin embedded
blocks. Specimens of normal oral mucosa were collected
from buccal mucosa or gingiva of healthy patients who went
through surgical removal of impacted tooth or periodontal
surgery. The samples of all normal mucosa were clinically
healthy. Additionally, they were microscopically examined to
ensure that there was no inflammation in the tissue. If there
was inflammation in the tissues, we excluded those samples
from the study. All specimens were fixed in 10% buffered
formalin using conventional histopathological methods.

Immunohistochemistry

Paraffin embedded blocks were cut into 4 pm in thickness.
Sections were then deparaffinized and rehydrated. Endogen-
ous peroxidase activity was blocked by 3% H,O, in distilled
water. For antigen retrieval, the sections were heated in a
microwave at approximately 850 W for 5 min and 300 W for
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10min in 10mM citrate buffer pH6.0. They were then
washed in phosphate buffered saline (PBS), covered by 5%
bovine serum albumin (Sigma-Aldrich) for 30 min. Sections
were treated with primary antibody for 2h in a humidity
chamber. The primary antibody used was LMP-1 (Dako
Denmark A/S, Clone CS.1-4). The antibody was diluted
at 1:100 in PBS. The sections were thoroughly washed in
0.1% Tween 20 in PBS and labeled polymer (Dako Envi-
sion system, Dako Corporation, Carpinteria, CA, USA)
was applied to the sections for 30 min. Freshly made di-
aminobenzidine (DAB; Sigma Chemical Co, St Louis, MO,
USA) was used to develop color of the sections. Sections
were then washed for 5min in running tap water and
counterstained with haematoxylin. The details of the pro-
cedure were described previously [13].

In order to preclude the false positive, the primary
antibody was replaced with 0.1% Tween 20 in PBS in
each sample. Pilot experiments were performed on the
sections of positive control in order to provide the opti-
mal dilution. Sections of nasopharyngeal carcinoma
(NPC) that is known to demonstrate nuclear and cyto-
plasmic staining were used as positive control samples.
Thus all sections were treated in similar conditions.

Assessment of LMP-1 expression

In every case, 5-8 areas of epithelium were randomly selected
and photographed with light microscope of 200 magnification.
The cells which demonstrated golden brown color in nucleus
and/or cytoplasm were considered to be LMP-1 positive.
Using Image ] program, the number of LMP-1 stained cells
and total cells in each field were counted by using 10 x 10 grid
to evade reiteration of counted cells. At least 1000 cells were
counted in each case. Cells with different staining locations
were counted separately and converted into percentage of
positive cells. Additionally, percentage of total positive cells
was also calculated by dividing total LMP-1 positive cells by
total number of cells. SP and RR performed the counting. To
minimize the inter-observer variation, precalibration was car-
ried out. SP, who is a board certified oral pathologist,
rechecked every case. If there was any conflict regarding the
staining patterns, discussion was made until the agreement
was reached. The specimens with > 5% deviation in the per-
centage of positive cells were recounted by both observers.

Statistical analysis

To check the normality of data, Kolmogorov-Smirnov
test was used. One way ANOVA followed by Post-Hoc
Dunnett T3 test was used for normally distributed data.
Kruskal-Wallis followed by Post-Hoc Dunn’s test was
used for data that were not normally distributed. For
statistical analysis, SPSS version 21 was used. Statistical
significance was considered at p < 0.05.
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Results

A total of 115 specimens were studied. It consisted of 10
normal oral mucosa, 27 OL without dysplasia, 42 OL with
dysplasia (24 mild, 13 moderate, 5 severe) and 36 OSCC.
The demographic data of the studied cases are summarized
in Table 1. The average ages of all were more than 50 years.
In OSCC group, male to female ratio was 2:1. The most
common location of OSCC was the lateral border of the
tongue (38.8%), followed by the gingiva and palate. Other lo-
cations of OSCC included buccal mucosa (3 cases), the floor
of the mouth (3 cases) socket (3 cases), base of the tongue (2
cases), and the retromolar trigone (1 case).

Pattern of LMP-1 expression
LMP-1 was observed in basal, prickle and granular cell
layers in normal oral mucosa, OL with and without dys-
plasia. The expression detected as golden-brown color,
was found at membrane, nucleus and cytoplasm of cells.
However, staining at cell membrane was not prominent.

Three staining patterns of cells with positive LMP-1
were noted; nuclear only, cytoplasmic only and nuclear
plus cytoplasmic staining. In general, nuclear staining, ob-
served as nucleoplasm and nucleolus, was more common
than cytoplasmic staining. As shown in Table 2, cells with
LMP-1 in the nucleus only were observed in all studied
specimens (115/115). Of these 115 cases, 36 cases (31.3%)
also contained cells with cytoplasmic staining only and 33
cases (28.7%) had cells with both nuclear and cytoplasmic
staining. Interestingly, 26 out of 36 cases with LMP-1
cytoplasmic staining only and 22 out of 33 cases with nu-
clear plus cytoplasmic staining were in the OSCC group.

In normal oral mucosa, nuclear staining was com-
monly observed in the prickle cells. It could also be
identified focally in the basal and parabasal cells (Fig. 1a)
. Staining in the cytoplasm alone was not observed in
normal oral mucosa. Only a few cases showed nuclear
plus cytoplasmic staining. Generally, the staining pattern
of OL without dysplasia (Fig. 1b) was similar to that of
normal oral mucosa except for a few cases which also
contained cells with cytoplasmic staining alone.

In OL with dysplasia, the pattern of nuclear staining
was generally similar to that of normal oral mucosa and

Table 1 Demographic data of the studied cases by tissue type

Tissue type Number Male Female Age (years)
Mean = SD
Normal oral mucosa 10 3 6 56.8 + 16.6°
OL without dysplasia 27 18 9 548 +12.2
OL with dysplasia 42 20 22 61 + 144°
0scC 36 24 12 59.1 £ 157

OL = oral leukoplakia

OSCC = oral squamous cell carcinoma

*The age and sex of one case are not available
PThe age of 3 cases are not available
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Table 2 The number of positive cases according to the staining
patterns in normal oral mucosa, OL without dysplasia, OL with
dysplasia and OSCC

Tissue type (no. of total
cases)

Number of positive cases

Nucleus Cytoplasm Nuclear plus cytoplasm

Normal oral mucosa (10) 10 0 2
OL without dysplasia (27) 27 2 2
OL with dysplasia (42) 42 8 7
OSCC (36) 36 26 22
Total (115) 115 36 33

OL = oral leukoplakia
OSCC = oral squamous cell carcinoma

OL without dysplasia (Fig. 1c). Compared to normal oral
mucosa and OL without dysplasia, OL with dysplasia
showed more cases of cytoplasmic staining alone and nu-
clear plus cytoplasmic staining (Fig. 1d). Different grade of
dysplasia showed similar results in the staining pattern.

In OSCC, moderate nuclear staining was seen in most of
malignant cells (Fig. le). Cells with cytoplasmic staining
alone and nuclear plus cytoplasmic staining were more com-
monly found in OSCC compared with normal oral mucosa,
OL with dysplasia and OL without dysplasia (Fig. 1f).

Percentage of LMP-1 positive cells

The averages of the total number of cell count in normal
oral mucosa, OL without dysplasia, OL with dysplasia and
OSCC were 1257, 1248, 1250 and 1213, respectively.
Greater percentage of LMP-1 expression from normal oral
mucosa (26.36 + 12.26) to OL without dysplasia (28.03 +
9.40), OL with dysplasia (34.15 + 16.85) and then to OSCC
(59.67 £ 21.77) was observed (Fig. 2). In the OL with dys-
plasia group, the percentage of positive cells in mild, mod-
erate and severe grades were 33.70 + 19.67, 34.78 + 12.25
and 34.65 + 15.01, respectively. The comparison of the
positive cells between different grading was not performed
because the sample size in the severe dysplasia group was
very small (5 cases). It was noted that in normal oral mu-
cosa and OL without dysplasia groups, no specimens had
positive cells more than 50%. Whereas, cases with over
50% positive cells were in 7 of 42 (16.67%) OL with dys-
plasia and in 26 of 36 (72.22%) OSCC.

The percentage of total positive cells in OSCC was signifi-
cantly different from normal oral mucosa, OL with and with-
out dysplasia (Fig. 2). Additionally, it was found that the
percentage of total cytoplasmic staining alone and total nu-
clear plus cytoplasmic staining in OSCC group were signifi-
cantly different from those of normal oral mucosa, OL with
and without dysplasia groups (Table 3).

Discussion
This study found that LMP-1 was overexpressed in
OSCC with cytoplasmic distribution. Our findings on
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Fig. 1 Immunostaining for LMP-1 in representatives of normal oral mucosa (a), oral leukoplakia (OL) without dysplasia (b), OL with dysplasia (c
and d) and oral squamous cell carcinoma (OSCC) (e and f). In normal oral mucosa (a) and OL without dysplasia (b), LMP-1 is predominantly
found in nuclei of prickle cells (arrowheads) and focally detected in basal (arrow) and parabasal cells. Similarly in OL with dysplasia (c), staining is
predominantly found in the nuclei of prickle cells (arrowheads). The cytoplasmic staining alone (white arrows) and nuclear plus cytoplasmic
staining (white arrowheads) were also observed in many prickle cells of OL with dysplasia (d). In OSCC, nuclear staining (arrowheads) can be
observed in tumor cells (e). Additionally, many nuclear plus cytoplasmic stained cells (white arrowheads) and a few cytoplasmic stained cells
(white arrows) are also detected (f). Scale bar =50 um
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Fig. 2 The percentage of total LMP-1 positive cells in normal oral mucosa, oral leukoplakia (OL) with and without dysplasia and oral squamous

cell carcinoma (OSCQ). *Statistically significant difference compared with normal oral mucosa, OL with and without dysplasia: P < 0.001
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Table 3 The percentage of LMP-1 expression according to the staining patterns in normal oral mucosa, OL without dysplasia, OL

with dysplasia and OSCC

Tissue type (no. of total

Mean percentage of positive cells (mean + SD)

cases)

Nucleus Cytoplasm Nuclear plus cytoplasm
Normal oral mucosa (10) 2622 +£1226* 0 ** 0.14 +£ 031*
OL without dysplasia (27) 2797 + 9.38** 0.01 +£0.04** 0.05 + 0.20**
OL with dysplasia (42) 3229 + 16.38* 0.64 +2.26%* 1.16 + 4.02**
OSCC (36) 4430 £ 17.86 3.18+448 1219 + 22.29

OL = oral leukoplakia
OSCC = oral squamous cell carcinoma
*P < 0.05 and **P < 0.001 statistically significant difference compared with OSCC

LMP-1 expression in normal oral mucosa, OL with and
without dysplasia and OSCC were similar to those of
Kikuchi et al. [10]. However, we observed significantly
high expression of LMP-1 in OSCC not in severe epithe-
lial dysplasia. Gonzalez-Moles et al. [8] found LMP-1 ex-
pression in about 85% of positive EBV DNA in OSCC,
many of which derived from the lateral border of the
tongue. Almost 40% of OSCC in our study were from
this location. This might partly explain our high positive
findings. It should be noted that lateral border of the
tongue is one of the high risk sites for OSCC develop-
ment. Latency of EBV at this location has been observed
in oral hairy leukoplakia [14].

The prevalence of LMP-1 expression in OSCC tissue
ranged from negative findings [4, 9] to 81.8% [15]. In
our study, all specimens expressed LMP-1. OSCC
showed significantly highest percentage of positive cells.
Shama et al. [15] similarly showed that LMP-1 expressed
in 18 out of 22 (81.8%) OSCC and in 10 out of 16
(62.1%) oral epithelial dysplasia. In contrast to our find-
ings, they detected no LMP-1 expression in normal oral
mucosa. Interestingly, we observed 7 of 42 (16.67%) OL
with dysplasia and 26 of 36 (72.22%) OSCC contained
more than 50% of LMP-1 positive cells while each speci-
men in normal oral mucosa and OL without dysplasia
groups had positive cells less than 50%. Our findings re-
vealed that expression of LMP-1 is greater in dysplastic
epithelium and OSCC.

To our knowledge, we are the first group that analyzed the
subcellular localization of LMP-1 in normal oral mucosa,
OL with and without dysplasia and OSCC. It should be
noted that although LMP-1 is a transmembrane protein, the
membrane staining in our specimens was not as clear as nu-
clear and cytoplasmic staining. The interesting findings were
cytoplasmic staining only and nuclear plus cytoplasmic stain-
ing which were significantly more prevalent in OSCC. Fur-
thermore, cytoplasmic staining alone was not present in
normal oral mucosa and rarely found in OL with and with-
out dysplasia. Cytoplasmic site of LMP-1 is related to its
phosphorylization and cytoskeleton binding [16]. LMP-1 can
activate NF-kB and JAK/STAT through C-terminal activa-
tion region-1, 2 and 3 (CTAR-1, CTAR-2 and CTAR-3) in

its cytoplasmic part. Liu et al. [17] showed that in NPC cell
line, LMP-1 could increase STAT3 phosphorylation and
translocation to the nucleus through ERK-MAPK and JAK-
STAT pathways leading to invasion and metastasis of NPC
cells. They also indicated that STAT3 phosphorylation in-
duced by LMP-1 might be related to the prognosis of NPC
[17]. Based on our results, an overexpression of LMP-1 in
OSCC as well as remarkable cytoplasmic staining suggest
the possible role of LMP-1 in oral carcinogenesis.

The oral carcinogenesis seemed to be associated with the
role of EBV in epigenetic reprogramming of oral epithelial
cells [18]. LMP-1, a major EBV-encoded oncogene, was able
to induce cancer stem cells in an epithelial cell line [19]. Cells
with LMP-1 expression can be protected from the host im-
mune response. At the same time, LMP-1 activates multiple
signaling pathways, JAK-STAT, ERK-MAPK, JNK-p-38,
PI3K-AKT and NF-xB [3]. In NPC cells, LMP-1 activates
NF-«B leading to cell immortalization, cell apoptosis and
promoting cell proliferation while invasion and metastasis of
NPC cells are promoted by JAK-STAT pathway [17]. In po-
tentially malignant lesions, greater LMP-1 expression in
most dysplastic cells may induce genetic instability as well
as epigenetic changes. These changes may be accumulated
in a number of LMP1-expressing cells and continue to
their progenies. These cell with acquired genetic/epigen-
etic alterations can exert the functions of LMP-1 resulting
in prominent population in carcinogenesis. Studying in a
transient EBV infection, Birdwell et al. [20] showed that
EBV-infected keratinocytes had an epigenetic imprint,
CpG island hypermethylation. This phenotype was ob-
served in EBV-positive NPC [20]. Thus epigenetic repro-
gramming of EBV infected cells could explain the variety
in EBV detection in previous studies of OSCC. A recent
meta-analysis has revealed that EBV infection of oral tis-
sue is significantly related to high risk of OSCC [21].

The presence of LMP-1 in normal mucosa in this
study was consistent with Kikuchi et al. [10], but in con-
trast to the negative findings by Shamaa et al. [15].
Racial-ethnic differences in the seroprevalence and anti-
body titer of EBV have been found [22, 23]. In addition,
varieties in LMP-1 assessment and detection methods
should be considered.
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The prevalence of EBV infection in adults has been re-
ported to be over 90% [24]. In Thailand, seroprevalence of
EBV was over 95% [25]. With these high prevalence as well
as lifetime carrier of EBV [24] within B cells and/or epithelial
cells [26], 100% positive LMP-1 expression in our specimens
(normal oral mucosa, OL and OSCC) was not unexpected.
Furthermore, several previous findings on EBV infection in
both healthy and OSCC have been reported [4, 5]. As LMP-
1 is a latent oncoprotein of EBV, our findings supported that
oral epithelial cells were one of the sites for EBV latency.
This was in agreement to a previous studies [8, 10]. LMP-1
expression seems to be a potential surrogate marker for EBV
in OSCC. Further case-control studies using RT- PCR and in
situ hybridization are needed. Yet, another support was ex-
pression of latent EBV gene in oral hairy leukoplakia in im-
munocompromised patients [14]. Further evidence was
latent infection in epithelial dysplasia and carcinoma in situ
near NPC in which progression to cancer could be implied
[27].

In addition to previous reports, human papillomavirus
(HPV) was evident in OSCC by both PCR and in situ
hybridization technique. It might be a factor related to the de-
velopment of OSCC due to carcinogenic activity of its onco-
gene E6 E7 [28]. As the common location of HPV-related
head and neck SCC was tonsils and base of tongue, co-
infection of EBV and HPV should be considered. The inci-
dence of base of tongue OSCC with EBV and HPV coinfec-
tion was 70% [29]. They, therefore, might influence each
other’s life cycle.

It should be noted that most of our OSCC patients were
older than 45 years of age with the mean age of 59. Signifi-
cant differences were found in immunoexpression of C-
ErbB2, SMA, EGFR and MMP-9 in young and older pa-
tients with OSCC [30]. Hence, comparison in LMP-1 ex-
pression between these two groups would be of interest.

Among the limitations of this study, grading of dysplasia
was not analyzed separately due to low number of epithe-
lial dysplasia in moderate and severe groups. As most of
lesions available in our retrospective study were from male
subjects, no gender matching could be done. Complete
personal history could not be assessed in all studied cases,
therefore, risk factors of OSCC e.g. smoking, drinking,
betel quid chewing were not included and determined. A
study in Thailand detected positive EBV DNA in OSCC,
of which was associated to betel nut chewing but not to
tobacco smoking and alcohol consumption [7].

Conclusion

A significantly high expression of LMP-1 in OSCC was evi-
dent with a cytoplasmic distribution. Our study supported
EBV latency in oral epithelium. Further studies should be
performed to clarify the association between this EBV-
encoded protein and oral carcinogenesis.
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