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Background: The aetiology of the ameloblastoma is still unclear. Several studies have searched
for the presence of human papillomavirus (HPV) in ameloblastomas, however the results have been
mixed. Our aim is to clarify this possible association, and to determine if p16 is a reliable surrogate
marker for the presence of HPV in these tumours.

Methods: Forty-one cases of ameloblastoma and 1 ameloblastic carcinoma were identified and
underwent immunohistochemical (IHC) testing for p16 and polymerase chain reaction (PCR) testing
to detect HPV DNA.

Results: 80.5% of the benign ameloblastomas were ‘overall positive’ for p16 (56.1% strong
positive, and 24.4% moderately positive) and 19.5% ‘overall negative’. The single case of ameloblastic
carcinoma also stained strongly positive for p16. PCR did not detect HPV DNA in any of the 42 cases.

Conclusions: We did not find any positive HPV ameloblastomas within the samples evaluated.
Despite most ameloblastomas being p16-positive, p16 cannot be used as a marker of HPV within
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Introduction

Ameloblastoma is a benign odontogenic tumour with four
main subtypes [1], solid/multicystic, unicystic, desmoplastic, and
peripheral. In general, most ameloblastomas are locally aggressive,
and can grow to a considerable size resulting in significant morbidity,
and even mortality [2]. They have a propensity to recur if treated
inadequately, and thus radical surgical management is the mainstay
of treatment [3-14]. Despite clinicians recognising the entity for over
a century, the aetiology of this tumour is still unclear. It is thought to
develop from epithelial remnants of the dental lamina/enamel organ,
and various theories on causative agents have been proposed in the
literature including trauma, dental extraction, severe oral sepsis, and
viruses such as the human papillomavirus (HPV) [15-21].

HPV is a DNA virus that has come under renewed scrutiny due
to its recently discovered association with oropharyngeal squamous
cell carcinoma (OPSCC) [22-24]. HPV-positive OPSCC has an
improved prognosis compared with HPV-negative tumours. With
further research HPV-positive tumours may result in de-escalated
chemoradiotherapy or bioradiotherapy treatment options, in an
effort to reduce acute and long-term treatment related toxicities
[25-29]. In OPSCC, pl16 immunohistochemistry is used as a reliable
surrogate marker for HPV infection [29-36].

A possible association between ameloblastoma and HPV has
attracted some attention from researchers over the years. HPV may

gain access to intraosseous lesions via contact with the overlying oral
mucosa, surgical manipulation of the surrounding structures prior to
tumour development, and early onset exposure to the HPV during
invagination of the enamel organ. Although sexual contact would be
extremely unlikely during the stages of dental development, perinatal
or salivary transmission of HPV is possible [37-39]. Contamination
of the tumour specimen by HPV either during the respective process,
or post-operatively, is also possible. Several case reports and studies
have explored this relationship (Table 1), but no firm conclusions have
been reached. Use of p16 immunohistochemistry in ameloblastoma
has not been thoroughly investigated.

This study aims to establish whether HPV DNA is associated
with ameloblastomas, and to determine if p16 is a reliable surrogate
marker for the presence of HPV in these tumours.

Table 1: Summary of results from publications involving HPV and
Ameloblastoma.
Study Number of | Method(s) HPV-Positive

Cases used Ameloblastomas
1989 Kahn 10 ABC 3/10 (30%)
1992 Kahn 1 ISH 1/1 (100%)
1993 van Heerden et al. | 1 ISH 1/1 (100%)
2000 Sand et al. 12 PCR 5/12 = (42%)
2003 Namin et al. 50 PCR 20/50 (40%)
2005 Migaldi et al. 18 IHC, ISH, pcr 218 (11%) weak

positive on PCR only

2010 Correntietal. |18 IHC, PCR S; 15 (33%) on PCR
ABC (Avidin-Biotin Immunoperoxidase Complex), ISH (In-Situ Hybridisation),
PCR (Polymerase Chain Reaction), IHC (Immnohistochemistry).
* This one case was a peripheral ameloblastoma.
= HPV positive at primary surgery.
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Materials and Methods

Ethical approval for this study was granted by The Melbourne
Health Human Research Ethics Committee. Forty-nine cases of
ameloblastoma were retrieved from The Royal Melbourne Hospital
databases over an 11-year period (2001-2012). The histopathological
slidesand patient case notes were evaluated by an oral and maxillofacial
surgical registrar and specialist oral and maxillofacial pathologist.
Using the World Health Organization classification system [1], the
diagnosis of each was confirmed and subtyped accordingly. Forty-
two cases were included in the study, with 7 cases excluded due to
insufficient clinical and/or pathological information.

p16 Immunohistochemistry (IHC)

Formalin fixed paraffin embedded (FFPE) tissue of the 42
ameloblastomas were cut into 4um thick sections and then placed
onto Superfrost® Plus Microscope Slides (Thermo Scientific,
Lower Saxony, Germany) prior to being tested with p16 antibody
(Roche CINtec®, Ventana Medical Systems, Inc, Arizona, USA)
at a 1:3 dilution. Sections were dewaxed through a series of xylene
solutions (x3) followed by absolute ethanol (x2), 70% ethanol and
distilled water. Antigen retrieval was performed using a high pH
antigen retrieval solution and IHC staining was performed on the
Leica BOND-MAX™ automated IHC stainer (Leica Biosystems,
Melbourne, Australia) using Bond™ Polymer Refine Detection
system. Negative and positive controls (basaloid squamous cell
carcinoma in lymphoid tissue) for were also processed using the same
method for each specimen slide.

To grade the tumours for p16 positivity, 10 randomized areas of
the tumour were evaluated for the number of positive cells under high
magnification (400x) [40-42]. P16 negative cells were also counted in
the same areas and a percentage formulated by dividing the number of
positive cells by the number of total cells (1000). This percentage was
classified at different levels to grade the tumour’s positivity (Table 2).
To account for any inaccuracy in grading, tumours were also graded
as overall negative (<25%) and overall positive (25 - 100%).

Polymerase Chain Reaction (PCR) detection of HPV
DNA

The 42 FFPE tissue blocks were cut into three 7um sections
(without hydration) and underwent preparation for PCR. One of the
sections from each block was de-waxed with histolene and ethanol,
and digested with proteinase K on a heat block overnight [43].
Where sections were resistant to complete tissue digestion, physical
disruption of tissue with vortexing and beads were applied. DNA
was extracted from digested tissues on an automated system - the
MagnaPure LC (R) (Roche Diagnostics GmbH, Penzberg, Germany)

Table 2: Grading of p16-positive cells [40-42].

Percentage of Positive Tumour Cells Grading

<5% 0 = Negative

5-24% 1 = Weak Positive
25-50% 2 = Moderate Positive
>50% 3 = Strong Positive
<25% Overall Negative

25 - 100% Overall Positive

using the DNA-I kit (blood cells high-performance protocol).
An 110bp section of the human beta-globin gene was detected by
quantitative real-time PCR to confirm successful DNA extraction
[44]. Samples were screened for the presence of HPV DNA using the
DNA ELISA Kit HPV SPF10, version 1 (Labo Bio-medical Products
BV, Rijswijk, The Netherlands) and ELISA-positive samples were
further tested for HPV genotype on the RHA kit HPV SPF10-LiPA25,
version 1 (Labo Bio-medical Products BV).

Statistical analysis

A database was constructed and Minitab® Statistical Software
(Pennsylvania, USA) was used for statistical analysis. Fisher’s exact
tests were prepared for the PCR results relative to the p16 grading,
and statistical significance was determined by p < 0.05.

Results

Forty-one cases of benign ameloblastoma were identified
and one case of ameloblastic carcinoma (AC). Solid/multicystic
ameloblastoma was the most common subtype (34 cases), followed by
unicystic ameloblastoma (6 cases), and peripheral ameloblastoma (1
case). There were no established cases of desmoplastic ameloblastoma
or metastasizing ameloblastoma. Males (63%) were affected slightly
more than females, and the mandible was involved in 80.5% of the
cases.

P16 Immunohistochemistry

Of the 41 benign ameloblastomas, 33 (80.5%) were deemed
overall positive for pl6, including 23 (56.1%) strongly positive
(Figure 1), and 10 (24.4%) moderately positive tumours. Only 8
tumours (19.5%) were graded as overall negative for p16, with 2
tumours (4.9%) being totally negative and 6 tumours (14.6%) weakly
positive. Thus 95.1% of benign ameloblastomas had some positive
reaction to p16 IHC staining, with the majority of these being strong
or moderately positive (Figure 2).

The single case of AC (in a 40 year-old female, with 3 episodes of
tumour recurrence, managed with multiple surgical procedures and
radiotherapy) was strongly positive for p16.

PCR detection of HPV DNA

All 42 lesions (including the PA and AC) were negative for the
presence of HPV DNA on PCR testing. All samples were positive for
internal control indicating adequate amplifiable DNA present in the
samples assessed.

Discussion

High-risk (HR) mucosal HPV genotypes are found associated
with precancerous and cancerous mucosal lesions. HPV infects
epithelial cells causing changes to the host’s genome by a similar
mechanism to that of genital cancer (e.g. genital squamous cell
carcinoma). Essential to the process of cell cycle deregulation and
HPV-induced carcinogenesis is the action of E5, E6, and E7 proteins,
which are transcribed from respective genes on viral genome. In
HR HPV infected lesions, E7 utilizes several pathways to disrupt
the activity of CDK (cyclin-dependent kinase) inhibitors p21 and
p27, and destabilize the Rb tumour suppressor protein. This in turn
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causes overexpression of p16, another CDK inhibitor, which has been
correlated as a surrogate marker for presence of HPV and E7 activity
[32].

PCR is a highly sensitive technique for detecting HPV DNA, and
it can be utilized with either fresh or FFPE tissue specimens [45,46].
Because of this high sensitivity, PCR may detect HPV from the
environment, which can be falsely attributed to the lesion.

IHC uses pl6 protein as a surrogate marker for HPV presence
in OPSCC, and similarly has a sensitivity close to 95-100% [29-31].
Furthermore THC has several advantages over PCR including that it
is relatively cheap to perform, p16 monoclonal antibodies are readily
available in most laboratories [32], and the test can be conducted
on FFPE tissue samples using light microscopy. In OPSCC, there
is high level of pl6-positivity [30,32,33,47,48], but for other head
and neck tumours the scoring of P16 positivity is more challenging
as an internationally recognized pl6 grading system has not been
developed for samples from these sites. The “cut-oft” for a positive
reaction is largely arbitrary with many investigators using cut off
points of 25, 50, 70, or 75% of cells testing positive [29,33-36]. Even

Figure 1: Low power view of a solid/multicystic ameloblastoma that has
undergone immunohistochemical staining for p16. This tumour was graded
as a strong-positive (>50% of tumour cells positive for stain).
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Figure 2: Summary of immunohistochemistry results from 41 benign
ameloblastomas stained for p16.

those lesions with partial p16 staining (<50%) are shown to harbour
HPV RNA [32,47], and thus a minimum cut-off of 50% is thought to
be sufficient in determining HPV positivity in most OPSCC cases,
with a good correlation shown between incisional biopsy and final
tumour specimens [49].

However, some pl6 positive OPSCC and oral SCC tumours do
not have evidence for the presence of HPV DNA on PCR or ISH (up
to 13.9%) [30,50], thus p16 is being expressed by other mechanisms
[32,51]. In the absence of HPV infection, p16 normally functions as
a CDK inhibitor and G1/S cell cycle phase checkpoint regulator, and
thus overexpression may also reflect its increased production during
tumourigenesis. Despite 80.5% of the ameloblastomas in our study
being overall positive for p16, HPV DNA was not detected via PCR and
thus would be considered ‘p16-positive HPV-negative’ tumours. This
is consistent with other tumours such as sinonasal undifferentiated
carcinomas (SNUC) and subtypes of non-small cell carcinoma of the
lung [32,52,53]. Nonetheless, multivariate survival analysis of OPSCC
shows that p16 positivity correlates with better survival compared to
pl6-negative tumours independent of HPV status [29-32,34,36,50].
Thus while p16 may not be a specific marker for HPV infection, it may
help in the prognostic stratification of these patients. It is unproven
whether the same holds true for ameloblastoma following treatment
(e.g. tumour recurrence).

Despite the likely increasing incidence of HPV infection in the
community [54], there is a lack of consistent data regarding the virus’s
association with odontogenic lesions, including ameloblastoma [1].
In the closest experimental model available, mice inoculated with
Polyoma virus developed ameloblastoma-like tumours [19,20].

Furthermore when polyoma virus-infected tooth buds were
transplanted into uninfected mice, ameloblastoma developed in close
to 40% of the cases compared to 0% of the control cases (uninfected
transplanted tooth buds) [20].

Further studies of clinical cases have failed to show a conclusive
causal relationship between HPV and ameloblastoma (Table 1). In
1989 Kahn investigated the presence of HPV in 10 ameloblastomas
from patients aged 19 years or younger to 10 ameloblastomas from
an older (control) group [16]. Three cases of the younger group
tested positive for HPV antigen (30%), including 1 peripheral
ameloblastoma where the adjacent oral mucosa also tested positive
for HPV. In contrast all cases in the control group were negative
for HPV. The author raised the possibility of HPV contributing
towards the development of ameloblastoma. Kahn also published
a case report where HPV was detected in a PA using ISH [55], and
was soon followed by van Heerden et al. in 1993 [17], who used the
same method to detect HPV-18 DNA in a conventional intraosseous
ameloblastoma. HPV DNA was only found in a verrucoid-appearing
lesion in a cystic area of the tumour lining and thus it may be possible
that the HPV secondarily infected the tumour, rather than acting as a
true aetiological agent.

Sand et al. used PCR to detect HPV DNA in 5/12 (42%)
ameloblastomas, with genotypes 6, 11 and 18 identified (Table 1).
Interestingly most of their recurrent tumours were found to be HPV-
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positive on their second surgery but not after their initial surgery, and
thus surgical manipulation may have had an influence on these results
[56]. Namin et al., compared 50 ameloblastomas to 50 matched tooth
follicles via PCR and found a statistically significant difference (40%
and 9% respectively, p<0.025) between the 2 groups [57], however
there no high risk types were identified.

More recently Correnti et al, compared 18 intraosseous
ameloblastomas to 10 normal oral mucosal sites (controls) using a
variety of techniques including THC and nested-PCR [15]. Although
IHC did not reveal HPV in any of the ameloblastoma samples, PCR
revealed 6/18 (33%) of cases positive with HPV, with HPV Type 6
the most commonly found (66%). None of the positive cases were
related to recurrence of the tumour, and all controls were negative
for HPV. Four of the 6 positive cases were UA (66.7%) and thus raises
the possibility of HPV proliferation in the cyst lining (e.g. dentigerous
cyst).

Migaldi etal. did not identify any HPV DNA in 18 ameloblastomas
using a variety of techniques including THC, ISH, and conventional
PCR [58]. Laser capture microdissection and nested PCR methods
were also used, with the advantage of reducing the chances of
contamination from the adjacent oral mucosa by using microscopic
identification of a specific cell population (ameloblastoma tumour
cells). Two cases of the 18 ameloblastomas showed weak positive
findings but genotyping did not reveal HPV 16 or 18 (high risk types).
Since their techniques markedly reduced the risk of contamination
compared to other studies, their results can be seen as being more
reliable than other studies. Like Migaldi et al., our results also do not
support an association between HPV and ameloblastoma.

In conclusion, although the vast majority of ameloblastomas in
our study were positive for p16 using IHC, they were negative for
HPV DNA, therefore p16 cannot be used as a surrogate marker for
HPV in ameloblastoma. Interpreting the results and methods used
by other studies in the literature, it appears contamination, surgical
manipulation, or secondary infections are more likely reasons for any
positive results rather than true infection by HPV. The significance
of overexpression of pl6é in ameloblastoma tumourigenesis is
uncertain.
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