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Abstract The aim of the current study was to investigate the
presence of human papillomavirus (HPV) and evaluate its asso-
ciation with Ki-67 and cyclooxygenase-2 (COX-2) expressions
in keratocystic odontogenic tumor (KCOT).Nineteen caseswere
included in the present study. Conventional PCR method and
immunohistochemical analysis were performed for the detection
of HPV-DNA and HPV-L1 capsid protein. Moreover, the ex-
pressions of Ki-67 and COX-2 proteins were analyzed
immunohistochemically. HPV-DNA was detected in 36.8 %
(7/19) of tumor samples, whilst HPV-L1 protein was identified
in 68.4 % (13/19) of them. The Kappa coefficient statistical test
showed a moderate agreement (κ0.424) between PCR and IHC
assays for HPV detection. Expression of HPV-DNA was posi-
tively correlated with Ki-67 and COX-2 expressions (p<0.05),
whereas HPV-L1 positive staining was positively correlated with
COX-2 (p<0.05) and highly associated with those of Ki-67 (p<
0.01). There was no significant correlation between the presence
of HPVand the recurrence of the studied lesions. The results of
the current study showed that active HPV infection was present
in the odontogenic epithelium of KCOT, and it was associated
with increased proliferation rate and COX-2 expression. These

findings suggest that HPV may have a role in the pathogenesis
and aggressiveness of KCOT. Based on these conclusions, we
recommend further investigations of HPV vaccine or antiviral
therapy and COX-2 inhibitors as nonsurgical options in the
prevention and management of KCOT.
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Introduction

Odontogenic keratocyst has been known for its rapid
growth [1], and tendency to invade the adjacent tissues,
including bone [2, 3]. In 2005, the World Health Organi-
zation (WHO) reclassified ‘odontogenic keratocyst’ to
‘keratocystic odontogenic tumor’ (KCOT) [1]. KCOT
has a high recurrence rate, and it is associated with mu-
tation of tumor suppressor PTCH gene on chromosome
9q22.3–q31 [4]. It can occur at any age group. However,
data suggest a bimodal age distribution around the third
and sixth decades of life [5]. KCOT may occur as solitary
or multiple lesions. The latter is usually one of the com-
ponents of the inherited nevoid basal cell carcinoma syn-
drome (NBCCS) [1].

The Ki-67 antigen is a protein expressed in all phases of the
cell cycle, except in G0. Thus, Ki-67 expression informs about
the number of proliferating cells in a tissue [6]. Ki-67 is a
widely used proliferation marker for assessing cellular prolif-
eration of KCOT [7–9].

Cyclooxygenase enzymes catalyze the formation of the
prostaglandin endoperoxide from arachidonic acid to prosta-
glandin H2 (PGH2). Cyclooxygenase-2 (COX-2) isoform
expression induced in response to inflammatory and mitogen-
ic stimuli [10, 11]. Increased COX-2 expression in tumors is
known to be correlated with tumor invasion, angiogenesis,
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resistance to apoptosis, and suppression of host immunity
[12].

Human papillomavirus (HPV) is a small non-enveloped
double strand DNA virus with about 7900 nucleotide bases
long [13]. It is nearly ubiquitously present in humans, but
ultimately only a small proportion of infected individuals
develops cancer [14]. The HPV genome contains eight open
reading frames, which are potential coding sites of six early
(E1, E2, E4, E5, E6, and E7) proteins and two late (L1 and L2)
proteins [13].

HPVwas a possible factor or a cofactor in the development
of ameloblastoma [15–17]. Studies investigated the presence
of HPV in KCOTare very rare [18, 19]. The aim of the current
study was to investigate the presence of HPVand evaluate its
association with Ki-67 and COX-2 expressions in KCOT.

Materials and Methods

A total of 19 odontogenic lesions were used; 13 samples of
them were formalin fixed paraffin embedded (FFPE) samples,
retrieved from the archive of oral pathology laboratory, Tongji
Hospital, Huazhong University of Science and Technology,
over the years (2009–2011). The remaining six samples were
frozen tissue samples that were prospectively collected from
patients intended maxillofacial surgery at Tongji Hospital,
Huazhong University of Science and Technology during the
research time. All patients were free from the acquired im-
mune deficiency syndrome (AIDS) and did not take the HPV
vaccine, or any antivirus or immunosuppressive therapies. All
lesions were solitary and not associated with the NBCC syn-
drome. This study was approved by our Institutional Review
Board. The Declaration of Helsinki protocols were followed
during the whole study.

Immunohistochemistry Immunohistochemical study was per-
formed using 1:100 dilutions of the following primary poly-
clonal antibodies: (a) rabbit anti-HPV (Beijing Biosynthesis
Biotechnology Co, China (b) rabbit anti-human Ki-67 antigen
and (c) rabbit anti-human COX-2 (Boster Biological Technol-
ogy, China). A standard Streptavidin-biotin peroxidase com-
plex method (Boster Biological Technology, China) was used
for immunostaining. FFPE samples were cut into 5 μm thick-
ness tissue sections and dewaxed, rehydrated then endoge-
nous peroxidase was quenched in 3 % H2O2 followed by the
antigen unmasking in 0.01 M citrate buffer that heated to the
boiling point in a microwave oven. Whilst the frozen samples
were cut into 5 μm thickness sections and fixed in 4 %
paraformaldehyde. The endogenous peroxidase was blocked
using 0.03 % H2O2 in absolute methanol. After that, both
FFPE and frozen samples were treated with normal goat
serum for 50 min at room temperature. Subsequently, the
sections were incubated with primary antibodies at 4 °C

overnight and then treated with 10 μg/ ml biotinylated sec-
ondary antibody for two hours at room temperature. After that,
the tissue sections were incubated with SABC- peroxidase
complex. Finally, the sections were developed with 3,3’-Di-
aminobenzidine substrate and slightly counterstained with
Mayer’s hematoxylin. Negative controls were incubated by
PBS instead of the primary antibodies. Standard light micro-
scope was used to score the staining. For HPV-L1 staining, a
positive result was interpreted as a yellowish-brown precipi-
tate, predominantly intranuclear, in a focal or diffuse pattern,
whereas a negative result was indicated by a lack of precipitate
intracellularly as described by Kahn [15], whilst the scoring
for Ki-67 and COX-2 staining was confirmed by counting the
percentage of positive cells in 10 high power (400×) repre-
sentative fields as follows: 0, when no identified staining of
the odontogenic epithelium or when the staining was ques-
tionable; 1+ ≤ 25 %; 2+ for 26 %-50 %, and 3+ for >50 %
positivity rate of the odontogenic epithelium. The different
intensities for COX-2 staining was regarded the same in the
used criteria.

PCR Analysis Each FFPE sample was cut into five pieces of
10 μm thick sections and deparaffinized using xylene and
rehydrated by subsequent descending concentrations of etha-
nol and distilled water, then DNAwas extracted using DN32
DNA extraction kit (Aidlab. Co. LTD, Beijing, China). Nev-
ertheless, several represented pieces for a total weight of
30 mg were used for DNA extraction from each frozen tissue
sample using DN08 DNA extraction kit (Aidlab, Co. LTD,
Beijing, China). Each sample was amplified with primers
recognizing the albumin gene. Consequently, all samples were
suitable for molecular analysis. The prevalence of general
HPV-DNA was analyzed with the broad-spectrum SPF1/2
HPV primers using conventional PCR method as described
previously [20]. The PCR reaction was performed in a final
reaction volume of 25 μl containing 3 μL of the isolated DNA
solution, 12.5 μl of 2 × Taq MasterMix (Aidlab Co. LTD,
Beijing, China), 200 mmol/L each deoxynucleoside triphos-
phate, and 15 pmol of forward and reversed primers. The PCR
condition was as follows: one cycle of activation for nine min
at 94ºC followed by 60 cycles of amplification, each cycle
consisted of 30 sec at 94ºC, 45 sec at 52ºC, and 45 sec at
72ºC. The final extension step was five min at 72ºC. Each
PCR experiment was performed with positive and negative
PCR controls. The PCR products were run through 3 %
agarose gel and the 65-bp product was visualized with
ethidium bromide staining.

Statistical Analysis The statistical package for the social sci-
ences (SPSS) 19.0 software was used for the statistical anal-
yses. Correlations of HPV-DNA and HPV-L1 protein with Ki-
67 and COX-2 proteins were analyzed with Spearman's rank
correlation coefficient test. Kappa statistics were used to
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assess the degree of agreement between IHC and PCR anal-
yses for HPV detection. Differences were deemed statistically
significant if (P<0.05).

Results

The most relevant clinical features are summarized in Table 1.
HPV-DNA was detected in 36.8 % (7/19) of samples, while
HPV-L1 protein was identified in 68.4 % (13/19) of them
(Table 2). Kappa coefficient showed moderate agreements
(κ=0.424) between PCR and IHC results. HPV-L1 protein
was immunohistochemically detected as a yellowish- brown
stain that was mainly expressed in the nucleus of odontogenic
epithelial cells. The expression level was higher in the
suprabasal epithelial layers than that of the basal one (Fig. 1).

Ki-67 expression was mild in 26.3 % (5/19) of samples,
moderate in 21.1 % (4/19), and high in 52.6 % (10/19)
(Table 2). Ki-67 staining was detected as yellowish-brown
nuclear stain. Positive cells were located throughout the cystic
wall of KCOT. However, more staining positivity was found
in the suprabasal layers than that of the basal epithelium
(Fig. 1).

COX-2 expression was absent in 15.8 % (3/19) of samples,
mild in 15.8 % (3/19), moderate in 21.1 % (4/19), and high in
47.4 % (9/19) of the samples (Table 2). COX-2 staining was
demonstrated as a yellowish-brown granular stain of different
intensities that expressed in the cytoplasm and nuclear mem-
brane of odontogenic epithelium, the staining of the
suprabasal epithelial layers was more positive and intense than
that of basal layers (Fig. 1). Intensely stained lymphocytes
were noted throughout the connective tissue of KCOT.

Expression of HPV-DNA was positively correlated with
Ki-67 and COX-2 expressions (p<0.05), whereas HPV-L1
positive staining was positively correlated with COX-2 (p<
0.05) and highly associated with those of Ki-67 (p<0.01).
There was no significant correlation between the presence of
HPVand the recurrence of the studied lesions. (Table 3).

Discussion

Several previous reviews exist on HPV prevalence in normal,
benign, premalignant, and malignant oral lesions [21]. HPV
was 2–3 times and 4.7 times more likely detected in oral
precancerous lesions and oral carcinomas, respectively, com-
pared with normal mucosa [22]. HPV was discovered in the
saliva of healthy individuals [23, 24]. However, the preva-
lence of HPV in saliva was higher in patients with oral
carcinoma than that of normal individuals [24]. The specific
role of HPV in the development of premalignant and oral
squamous cell carcinoma continues to be a debated topic [25].

In the present study, genomic HPV-DNA responsible for
the expression of HPV-L1 capsid protein was investigated by
conventional PCR analysis using SPF 1/2 consensus primers,
and The HPV-L1 capsid protein was examined by IHC anal-
ysis. The result of PCR analysis is comparable with that of
IHC, and they showed positive correlations with Ki-67 and
COX-2 expressions.

HPV-L1 capsid protein is expressed in the active phase of
the viral infection and it is necessary for viral cellular cycle
completion. Consequently, viral protein detection by immu-
nohistochemical reaction is an evidence of active HPV infec-
tion in the examined tissues [26].

HPV-L1 and L2 capsid proteins are expressed during the
late stage of the viral life cycle in highly differentiated
suprabasal cells [27]. This fact may support our results of this
study that showed the predominant pattern of HPV-L1staining
intensity in suprabasal layers of KCOT.

Previous studies demonstrated the presence of HPV in
various ameloblastomas using different investigation methods
[15–17, 28–30]. HPV was considered to be a possible

Table 1 Clinical findings in patients with KCOT (n=19)

Variable No %

Total 19

Age (year)

Mean 39

Range (15–68)

Gender

Male 11 58

Female 8 42

Location of tumor

Maxilla 6 32

Mandible 13 68

Recurrence

Primary lesions 10 52.6

Recurrent lesions 9 47.4

Table 2 Expressions of
HPV-DNA, HPV-L1,
Ki-67 and COX-2 in
KCOT (n=19)

*Conventional PCR
method

**Immunohistochemical
analysis

No %

HPV-DNA* 7 36.8

HPV-L1** 13 68.4

Ki-67** 19 100

Mild 5 26.3

Moderate 4 21.1

High 10 52.6

COX-2** 16 84.2

Mild 3 15.8

Moderate 4 21.1

High 9 47.4
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etiological factor or a cofactor in the development of
ameloblastoma [15–17]. van Heerden et al. regarded the pres-
ence of HPV in their studied ameloblastoma samples as a
secondary infection, thereby they did not consider HPV as a
causative factor in the pathogenesis of ameloblastoma [29].
Sand et al. concluded that the presence of HPV in
ameloblastoma was a result of contamination from the surface
mucosal epithelium induced by the surgical manipulation
[30]. However, another study did not find HPV in 4 μm thick
hematoxylin and eosin- stained ameloblastoma sections using
immunohistochemistry, in situ hybridization, and PCR analy-
sis [31]. There are only two previous reports that investigated

the presence of HPV in KCOT. The first one was a case report
that demonstrated the presence of HPV type 16 in KCOT
using PCR analysis [18], whereas, the other one did not detect
HPV-DNA in the investigated samples by using PCR analysis
[19]. It appeared that the studies on the presence of HPV in
odontogenic tumors are highly inconsistent both in detecting
the presence of the virus and in the subsequent conclusions
regarding the role of HPV in the pathogenesis of the involved
lesions. The completely negative results may be attributed to
the methodology used and / or the quality of the available
samples, like choosing PCR primers that targets a large geno-
mic area in FFPE samples. Another possibility is the differ-
ences in the geographic distribution of the patients involved in
the previous studies, which regarded as a property of a virus
related neoplastic disorder [32]. In this concern, all the sam-
ples used in the current study were taken from the Chinese
patients.

The proliferating marker, Ki-67 is a widely used one. It is
expressed in all stages of the cell cycle except for G0 phase
[6]. The current study showed profuse Ki-67 protein expres-
sion in the odontogenic epithelium of KCOT. This indicates
increasing the proliferation rate of odontogenic epithelium

Fig. 1 Immunohistochemical
staining of keratocystic
odontogenic tumor (KCOT)
(400×). A predominant
suprabasal yellowish-brown
Immunohistochemical staining in
the odontogenic epithelium of
HPV-L1 (A), Ki-67 (B), and
COX-2 (C). HPV-L1 and Ki-67
staining are nuclear, while COX-2
staining is in the nuclear
membrane and the cytoplasm of
the positive cells. (D) HPV-L1
negative case. HPV-L1 is not
detectable in the nucleus. (E)
Cox-2 negative case. Cox-2 is not
detectable in the nuclear
membrane and the cytoplasm of
the odontogenic epithelium.

Table 3 Spearman's rank correlation coefficient for HPV-DNA and
HPV-L1 protein with Ki-67, COX-2 proteins and recurrence in KCOT.

Ki-67 COX-2 Recurrence

HPV-DNA 0.536 0.467 −0.069
p=0.018 p=0.044 p=.779

HPV-L1 0.590 0.562 −0.263
p=0.008 p=0.012 P=0.277
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that corresponds with its clinical behavior like aggressiveness.
The distribution of Ki-67 protein expression was mostly in the
suprabasal layers of the lining epithelium. This result was
previously attributed to the alteration in the cell cycle that
indicating the presence of suprabasal proliferative compart-
ments [1, 7–9]. The current results could give another expla-
nation for this commonly noted finding which associated with
the existence of HPV infection in odontogenic epithelium of
KCOT. During HPV infection and in order to allow for the
production of viral progeny, viral proteins override the normal
cell cycle exit that occurs in differentiating cells [33]. Since
HPV replication is dependent mainly on the host cell machin-
ery, the capacity for DNA synthesis must remain intact
throughout the upper layers of the epithelial strata. For this
reason, and by using a process mediated primarily by the HPV
E6 and E7 proteins, HPV-infected cells do not exit the cell
cycle [34], and it is suspected to continue proliferation and
express more Ki-67 proteins. This fact supports our results of
both location and positive correlation between HPV-L1 and
Ki-67 proteins in KCOT. In accordance with the present study,
Samir et al. showed that Ki-67 was correlated positively with
high risk-HPV infection in cervical lesions [35].

Previous study demonstrated that ki-67 were significantly
more prevalent in odontogenic keratocysts than in dentigerous
cysts, radicular cysts and ameloblastomas [36]. Furthermore,
KCOT linings seem to have great potential than other
odontogenic cysts to evolve into squamous cell carcinoma,
and although rare, it has been reported [37].

COX-2 is an enzyme that involved in the conversion of
arachidonic acid into prostaglandin (PG) in different physio-
pathological conditions affecting the tissues, such as inflam-
matory stimuli, cytokines, growth factors, tumor promoters,
and viral transformation [10, 11].

Regulation of COX-2 expression is a complex process
mediated by numerous factors [38]. This regulatory process
is altered by the presence of HPV [39]. The correlation be-
tween HPV and COX-2 expression in various locations and
lesion types was studied before. Subbaramaiah and
Dannenberg showed that HPV16 E6 and E7 oncoproteins
stimulated COX-2 transcription by activating the epidermal
growth factor receptor→Ras→mitogen-activated protein ki-
nase→activator protein-1 pathway [40]. Moreover, Kim et al.
showed that HPV E5 expression induced COX-2 expression
through the effect of EGFR-signaling pathway [38]. COX-2
levels were also upregulated in esophageal epithelial cells
immortalized with E6E7 and hTERT [41]. The present inves-
tigation showed a positive correlation of HPV and COX-2
expression in the odontogenic epithelium of KCOT. Interest-
ingly, the location of both HPV-L1 protein and COX-2 ex-
pressions was more predominant in the suprabasal layers of
the odontogenic epithelium.

COX-2 levels have been found to be elevated in various
tumors. However, the mechanism of COX-2 overexpression

for the induction of tumorigenesis remains poorly understood
[42]. Some explanations are based on the fact that COX-2 is
an oxygenase that producing highly reactive intermediates
which cause genomic instability [43]. In addition, COX-2
has been proven to increase the level of the anti-apoptotic
protein, bcl-2, that causes resistance to apoptosis [44]. Fur-
thermore, COX-2 increases the synthesis of PGs in trans-
formed cells and tumors. PGs are believed to be important in
the pathogenesis of cancer because of its effects on cell
proliferation, angiogenesis, immune surveillance, and apopto-
sis [45]. COX-2-dependent PGs have been implicated in the
induction of matrix metalloproteinases in different cell types
[46–48]. metalloproteinases are important in matrix degrada-
tion during tumor growth, invasion, and induction of angio-
genesis [49]. The primary requirement for any lesion to ex-
pand within the bone is the ability to resorb the dense crystal-
line environment. KCOT has been shown to release PGEs that
resorbing the surrounding bone [50]. PGs, mainly PGE2, can
stimulate bone resorption by increasing the amount and func-
tional activity of osteoclasts. However, it has been shown that
hormones and cytokines involved in bone resorption can
stimulate COX-2 expression and PG synthesis [51]. Gao and
Li, concluded that odontogenic lesions could promote bone
resorption in vitro and it’s likely to be related to some of the
cytokines secreted by the lesions. The concentrations of PGE2
in the culture media of the odontogenic lesions are signifi-
cantly higher than that of the black controls [52].

In accordance with our study, Mendes et al. showed a
distinct over expression of COX-2 in KCOT [53]. Moreover,
a previous report demonstrated the expression of COX-2 in
the radicular cyst, suggesting that COX-2 may play an impor-
tant role in the pathogenesis of the radicular cyst [54].

Hedgehog signaling pathway and PTCH mutations are
well understood in the pathogenesis of both NBCC related
[55] and sporadic KCOT [56]. This fact could further explain
the current study results for the association of HPVwith Ki-67
and COX-2 in KCOT. PTCH and SMO form a receptor
complex in the cell membrane which has a suppressor effect
on growth-signal transduction. In cases of mutated PTCH, this
inhibitory effect is lost, and proliferative and stimulating ef-
fects of SMO outweigh the inhibition [57]. The binding of
SHH to PTCH also releases this inhibition and facilitates the
growth signal transduction resulting in proliferation and stim-
ulating effects of SMO [4]. Xuan et al. demonstrated a relation
between the expression of SHH and HPV16 infection in
cervical cancer [58]. This relation is not induced directly by
HPV-encoded proteins but rather that hedgehog-activating
mutations are selected in cells initially immortalized by HPV
[59]. Yagyuu et al. showed that the cases of KCOTwith strong
SMO expression presented a higher Ki-67 labeling than
SMO-negative cases [60]. Further concordance between
PTCH mutation and the induction of COX-2 expression was
concluded through the relief of SMO inhibition that
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upregulates the proliferative markers like p53, leading to the
activation of Ras/Raf/ERK cascade which in turn induces the
expression of COX-2 [53]. The authors strongly suggest fur-
ther investigation of coexpression of HPVand these molecules
(such as p53), and correlating the current study findings with
the clinical implications including tumor aggressiveness and
recurrence.

The results of the present study showed that active HPV
infection was existent and associated with increased prolifer-
ation rate and COX-2 expression in the odontogenic epitheli-
um of KCOT. These findings suggest that HPV may have a
role in the pathogenesis and aggressiveness of KCOT.

Surgery alone could result in a great morbidity and a high
recurrence rate in the management of KCOT, it seems worth to
investigate the effect of different antiviral vaccine and thera-
pies in managing KCOTespecially in the cases that shows the
presence of HPV. In addition, the study represents COX-2 as a
possible target in the management of KCOT.
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