ANTICANCER RESEARCH 30: 3435-3440 (2010)

Frequency and Role of HPV in the Progression
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Abstract. Background: Human papillomavirus DNA (HPV
DNA) and pl6 and p53 protein expressions were investigated
for their role in transforming dysplasia into squamous cell
carcinoma of the oral cavity in a non-smoker and non-drinker
patient group. Materials and Methods: A total of 56 oral
biopsies from non-smoker and non-drinker patients were
analyzed. The specimens were grouped into three categories:
group 1 included 31 cases of hyperplastic mucosa and mild
dysplasia, group 2 included 14 cases of moderate and severe
dysplasia, while group 3 comprised 11 cases of invasive
squamous cell carcinomas. In all cases, immunohistochemical
methods were performed to detect pl6 and p53 protein
expressions. The nested polymerase chain reaction for HPV
(nested HPV-PCR) and the catalyzed signal-amplified
colorimetric DNA in situ hybridization (CSAC-ISH) methods
were applied for HPV DNA detection and typing of high-risk
genotype. Results: P16 protein, absent from all specimens of
group 1, was especially noted in group 2 (92.86%) and in
group3 (54.55%). Five out of 14 of group 2 cases (35.71%)
and 3/11 (27.27%) of group 3 were HPV DNA positive. The
HPVs detected were of both high-risk and low-risk genotype.
The analysis of the relationship between HPV and pl6
protein expression revealed that all the group 2 and 3 samples
with HPV DNA, overexpressed pl6 protein. Conclusion: The
results suggest that HPV could be a molecular marker in
group 2 and 3 specimens in non-smoker and non-drinker
patients. The virus may play an etiological role in
carcinogenesis in the oral cavity. The association between
HPV and pl6 overexpression suggests a molecular
mechanism similar to that found in cervical cancer.
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While tobacco and alcohol consummation are the primary
risk factors for the development of head and neck squamous
cell carcinoma (HNSCC), recent epidemiological studies
report a strong association with human papillomavirus
(HPV) in a subset of cases (1-4). Previous work evaluating
different markers of exposure and viral activity in tumors
indicates that HPV may play a role in some tumors of the
oral cavity and oropharynx (5). However the prevalence of
HPV detection varies broadly, depending on the population,
combination of subsites, type of specimen, and detection
method (6).

HPV is a small (55 nm), non-enveloped, icosahedral,
epitheliotropic DNA tumor virus (7).To date, more than 120
genotypes have been identified. Because of the unequivocal
implication of HPV in the etiopathogenesis of uterine
cervical squamous cell carcinoma (SCC), HPV types in this
context have been well studied and subdivided into two
major groups based on their oncogenic potential in genital
cancer: high-risk HPV (HR-HPV) and low-risk HPV (LR-
HPV) types (8). The most frequent HR genotypes are 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68, and those of
LR-HPV genotype are 6, 11, 43 and 43. LR-HPV genotypes
have only rarely has been implicated in malignant
transformation of the cervix (9). In the mouth, LR-HPV
infection is associated with a variety of benign lesions
including squamous cell papilloma, verruca vulgaris,
condyloma acuminatum and focal epithelial hyperplasia, but
can also be detected in potentially malignant epithelial
lesions such as leukoplakia and erythroplakia (10, 11). The
reported rates of HPV DNA detection, in potentially
malignant and malignant oral lesions range from O to 100%
(12, 13). This extreme variability is owing to differences in
ethnicity, geographic location and sample size of the
individuals examined, and to variations in the methods for
HPV detection. HR-HPV genotypes, in particular 16 and 18,
are those most frequently detected in malignant oral
epithelial lesions. HPV-16 infection may be a risk factor for
SCC of the head and neck (14).
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In the cervix, the oncogenic potential of HR-HPV is
attributable to the overexpression of viral oncogenic proteins
E6/E7. In particular, E6/E7 viral proteins determine the
alteration of various key functions of the host cells. The tumor
suppressor factors of pS3 and pRb pathways are suppressed,
leading to defects in apoptosis, DNA repair mechanism, cell-
cycle regulation and, finally, to cell malignant transformation
The inactivation of pRb by E6/E7 genes causes pl6
overexpression because p16 is regulated by negative feedback
from pRb (15, 16). In (17) the oropharyngeal SCC, in where
viral integration within the cellular genome was demostrated,
unmutated p53, reduced expression of Rb and overexpression
of p16 proteins were also demonstrated. However usually oral
SCC and potentially malignant lesions, HPV DNA is not
integrated into the host genome and alterations of the
expression of p53 and pl6 proteins is not unequivocally
associated with the presence of HPV (17).

The purpose of this research was to determine if HPV
detection is a molecular marker of oral dysplasia and cancer
in non-smoker and non-drinker patients and to determine if
HPV in the oral cavity may play a role in the onset of oral
dysplasia and into transition towards squamous cell
carcinoma.

Materials and Methods

Samples. Fifty-six formalin-fixed, paraffin-embedded biopsy
specimens of the oral cavity were obtained from the Milan-
Bicocca University Department of Pathology, S. Gerardo Hospital,
Monza, Italy. The specimens included 24 dysplasias, classified as
mild, moderate and severe following the WHO tumor classification
(18), 11 invasive squamous cell carcinomas and 20 normal or
hyperplastic mucosa specimens. All the cases were limited to the
oral cavity in its strictest definition (i.e. no tonsil, pharynx or
larynx tumours were included), and matched control pairs. The
sources of the oral biopsies and demographic characteristics are
showed in Table I. For our purpose, as has been suggested (19),
we grouped the specimens as follows: group 1 consisted of 31
patients with normal/hyperplastic mucosa and mild dysplasia (18
men and 13 women, age range 8 to 83 years); group 2 included 14
cases with moderate or severe dysplasia (8 men and 6 women,
age-range 45 to 83 years); group 3 comprised 11 cases of invasive
squamous cell carcinoma (8 men and 3 women, age range 50 to
80 years).

Immunohistochemistry. Immunohistochemical analysis was
performed on paraffin sections mounted on sialinized slides
incubated with the avidin-biotin-peroxidase complex and using
commercially available antibodies: anti-p53 (clone DO7,
Neomarkers, Union City, CA, USA; dilution 1:150), anti-p16 (clone
E6H12; Novocastra, Newcastle, UK; dilution 1:40). For each
antibody, positive and negative controls were used. As proposed by
others (19, 20), p53 reaction was classified as positive or negative,
attributing a score taking into account both the relative number of
stained nuclei and their localization in the upper 2/3 of the
epithelium in groups 1 and 2, while in invasive carcinomas (group
3), evaluation was made in the areas of infiltration, where cell
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Table 1. Pathological and demographic features of 56 patients studied.

Site Gender Age (years)

Group 1 (n=31) Cheek 7 (22.5%) 18 M (58.1%) 8-83
No or mild Floor 2(645%) 13 F (41.9%)
dysplasia Lip 2 (6.45%)
(mean=56) Gingiva 8 (25.8%)

Tongue 12 (38.7%)
Group 2 (n=14)  Cheek 4 (28.6%) 8 M (57.2%) 45-83
Moderate or Floor 2(143%) 6F (42.8%) (mean=70)
severe dysplasia Lip 1(7.1%)

Gingiva 3 (21.4%)

Tongue 4 (28.6%)
Group 3 (n=11)  Cheek 3(273%) 8 M (72.7%) 50-80
Invasive Floor 1(9.1%) 3F (27.3%) (mean=66)
carcinoma Lip 1(9.1%)

Gingiva 2 (18.2%)

Tongue 4 (36.3%)

M: male; F: female.

proliferation was more active. With regard to pl6 protein
expression, immunostaining was considered positive when at least
10% of nuclei were stained in dysplastic epithelia (21).

DNA isolation, and HPV detection by nested polymerase chain
reaction (nested HPV-PCR). Genomic and viral DNA was obtained
from four 10 um-thick sections from the paraffin blocks. All
sections were placed in 2 ml microcentrifuge tubes and dewaxed
with multiple washes of xylene and absolute, 95% and 70% ethanol.
After overnight digestion with sodium dodecyl sulphate (SDS) and
5% of 20 mg/ml of K proteinase (Sigma, Saint Louis, USA) at
37°C, DNA was extracted by standard phenol-chloroform-isoamylic
alcohol and sodium acetate-ethanol precipitation. The HPV-nested
PCR method was applied to amplify the 139-150 bases of the HPV-
L1 region or the 208-245 bases of the E6/E7 gene of the HR viral
genotypes 16-18-33-35-52-58 (nested L1 and HR-PCR). Briefly, 2.5
ul of the DNA were used to amplify the target genes with the
consensus primers (MY09/11) or HR type-specific primers (Nested
HPV Kit, Experteam, Venice, Italy) in two-step nested PCR. All
amplification reactions were performed in a total volume of 25 pl
with 0.2 units of ExperTaq (Experteam). Cycling conditions for the
amplification of the HPV-L1 region were 30 seconds at 95°C, 30
seconds at 53°C (first step) or at 45°C (second step) and 30 seconds
at 72°C for 30 or 40 cycles. Cycling conditions for the amplification
of the E6/E7 regions were 1 minute at 95°C, 1 minute at 55°C (first
step) or at 52°C (second step) and 1 minute at 72°C for 30 or 40
cycles. Positive and negative controls were used for each
amplification. Primers of the human  globin gene (Experteam)
were used for testing the quality of the extracted DNA in order to
exclude false negative results derived by DNA degradation of long-
fixed samples.

Catalyzed  signal-amplified colorimetric DNA in  situ
hybridization (CSAC-ISH) for HPV detection. CSAC-ISH was
performed in 9 cases where nested PCR detected HPV-DNA.
Briefly, a 5 um-thick section of each formalin-fixed paraffin
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embedded specimen was deparaffinized in xylene. Sections were
treated by digestion with K proteinase (S 3020; Dako, Glostrup,
Denmark) for 7 minutes. Ten pl of biotinylated probes for HR-
HPV genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and
68 (Y 1443, GenPoint™ HPV biotinylated DNA probe; Dako)
were applied to each specimen, and then covered with coverslips.
Target and probes were denatured by heating the slide to 92°C in
a hybridizer (S 2451; Dako). After washing and background
quenching with 3% H,O, for 10 minutes, the GenPoint kit (K
0620; Dako) was used following the manufacturer’s instructions.
First, sections were incubated for 15 minutes in a primary
streptavidin- horseradish peroxidase medium (HRP) at 1:250
dilution. After washing, sections were incubated for 15 minutes
in a biotin-tyramide solution and then in the secondary
streptavidin-HRP medium at 1:250 dilution for 15 minutes.
Positive hybridization signal was visualized by incubation with
diaminobenzidine for 5 minutes. Counterstaining was performed
with hematoxylin. Diffuse nuclear staining was indicative of
episomal HPV, while point-form nuclear staining was
characteristic of integrated HPV DNA.

Statistics. Statistical analysis was performed using the Chi-square
and Fisher tests. The difference in values was considered significant
when p<0.05.

Results

The immunohistochemical expression of p16 protein, absent
from the group 1 cases, was especially noted in group 2
(92.86%, p<0.001) (Figure 1A) and in group 3 (cancer
cases), (54.55%, p<0.001). In dysplastic epithelium, the
expression of pl6 increased as the grade of dysplasia
progressed, becoming more evident in the middle and upper
layers of the epithelium, and decreased from dysplasia to
SCC. p53 protein expression was significantly associated
with group 2 and 3 and increased with the severity of lesions
(64.29% in dysplasia and 81.82% in carcinoma, p<0.001)
(Table II). Figures 1A and B show an example of p16 and
p53 overexpression in one case from group 2.

The association of different HPV markers (Table III)
showed that the HPV- DNA was present in 1/31 (3.23%,
n.s.) cases of group 1, 5/14 (35.71%, p<0.01) of group 2,
and 3/11 (27.27%, p<0.05) of group 3. The Figure 1C
shows an example of L1 and HR nested HPV-PCR for two
cases of group 2. In particular, we found that both HR or
LR genotypes were present: in the 60% and 40% of the
cases of group 2 and in 1 case and 2 cases of group 3,
respectively. For a case of SCC with an HR-HPV
genotype, it was possible to demonstrate with CSAC-ISH
the HPV DNA integration into genomic DNA (Figure 1D),
while in two cases of dysplasia, the CSAC-ISH signal was
episomic.

The analysis of the relationship between viral infection
and pl6 protein expression revealed that all the samples
which were HPV positive were also p16 protein positive, but
these data were not significantly associated.

Discussion

In this research, we found that the presence of HPV DNA
appeared to be a molecular marker in dysplasia and SCC
specimens of the oral cavity of a subgroup of non-smoker
and non-drinker patients. Our findings indicate that HPV is
positively correlated with high-grade (moderate/severe
dysplasia) and invasive oral SCC. The association with HPV
here, whose action appears not to be linked to that of other
harmful factors such as alcohol and smoking, is interesting.

The presence of HPV, in the cases of dysplasia and SCC,
suggests that the virus may play an etiological role in
carcinogenesis in the oral cavity, in accordance with other
reports that consider the presence of HR-HPV as an
independent risk factor (22, 23). Although we did not find
HPV in the normal mucosa of the oral cavity, its presence
through the range of transformations of the epithelium,
from mild dysplasia to infiltrating carcinoma, suggets that
the viral infection is an important and independent event
necessary for malignant transformation, and that it can be
correlated with morphological alterations. However, no
definitive conclusion may be drawn from our findings on
the causal relationship between HPV infection and
development of dysplasia.

In all cases of dysplasia and carcinoma in which we
detected HPV, positive immunohistochemical expression of
the pl6 protein was also found. In patients with HR-HPV
infection it has been hypothesized that pl6 overexpression
may be due to the removal of p16 inhibition by pRb (24, 25),
and these findings indirectly support this hypothesis. In a 10
further cases, the expression of p16 protein was not associated
with HPV infection. Direct compararision of pl6
immunohistochemistry and HPV DNA reveals a high
discrepancy rate of about 42%. Our data show that the p16
immunohistochemical method vs. HPV DNA tests (L1 and
HR nested HPV-PCR, and CSAC-ISH) has a sensitivity of
100%, but a specificity of 80%. In head and neck SCC, the
imperfection of p16 immunohistochemical detection as a HPV
surrogate marker was documented (26). Immunohistochemical
studies of p16 in oral squamous cancer and dysplastic lesions
using pl6 antibody have shown variable results. Non-
expression (26, 27) and overexpression (28-30) have both been
reported. Also variation in pl6-positive staining criteria has
been considered. Some studies evaluated only nuclear staining
(31, 32), whereas another study utilized both nuclear and/or
cytoplasmic staining (33). In accordance with other authors,
we suggest that it is necessary that HPV detection strategies
combine pl6 immunohistochemistry and HPV DNA tests.
Given a sensitivity that approaches 100%, pl6
immunostaining is a good first-line assay for eliminating HPV-
negative cases. HPV DNA testing can be run concurrently
with p16 immunostaining or as a second-line assay following
a positive pl6 result (4).
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HR: 208-245 bp
L1: 139-150bp
C

Figure 1. A: Representative immunohistochemical pattern of expression of pl6 protein in a case from group 2; x200 original magnification. B:
Immunohistochemical expression of p53 in the nuclei of the upper layers in a group 2 case; x400 original magnification. C: HPV detection by
nested PCR in two cases of dysplasia (group 2). Lanes 1 and 4: HPV LI- and HR-PCR positivity in a case of moderate dysplasia. Lanes 2 and 5:
HPV LI-PCR positive and HR-PCR negative in a case of severe dysplasia. Lane 3: Molecular marker. D: Carcinoma (group 3) cells with integrated
viral load detected by CSAC-ISH. Dot-like positive signals in the nuclei; x600 original magnification.

The CSAC-ISH data indicated that one case of carcinoma
had viral DNA integrated. In this case, the HPV DNA
integration was associated with p16 protein expression in one
group. In one case of mild dysplasia, the signal was episomic
and in one case the signal was not informative. For the five
cases with probable LR- HPV, we did not investigate
possible HPV DNA integration. The mechanisms whereby
the expression of pl6 protein may or may not accompanied
by viral integration, differently from that in the uterine cervix
(34), remain to be clarified.

With regard to the expression of p53, a progressive and
significant increase was observed from mild dysplasia to
infiltrating carcinoma, in agreement with previous studies
(19, 35).

Our results suggest that HPV may be involved in inducing
carcinogenesis. Although at the current state of knowledge this
issue continues to be controversial, we may conclude that in
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Table II. Immunohistochemical expression of pl16 and p53 proteins in
dysplasia and in carcinoma of oral cavity.

Group plé p53

1 (n=31) 0 (0%) 2 (6.45%)
No or mild dysplasia

2 (n=14) 13 (92.86%) 9 (64.29%)
Moderate or severe dysplasia

3 (n=11) 6 (54.55%) 9 (81.82%)

Invasive squamous cell carcinoma

the oral cavity a different pathway of carcinogenesis may exist,
distinct from the known mechanisms in which the synergic
action of alcohol and smoking is a determinant. Further studies
on larger series will be necessary in order to clarify the role
that HPV may play in carcinogenesis in the oral cavity.
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Table II1. Analysis of HPV of the oral cavity and its relationship with p16 protein overexpression.

Case Group  pl6 protein Nested HPV-PCR CSAC-ISH HPV genotype
L1-DNA* HR-DNA Episomic signal Punctate signal

1 1 NEG POS NEG NEG NEG LR-HPV

2 2 POS POS POS POS NEG HR-HPV 16-18-31-33-35-52-58

3 2 POS NEG POS NEG NEG HR-HPV POS**

4 2 POS POS NEG NEG NEG LR-HPV

5 2 POS POS NEG POS NEG HR-HPV 39-45-51-56-59-68

6 2 POS POS NEG NEG NEG LR-HPV

7 3 POS NEG POS NEG POS HPV-DNA integration

8 3 POS POS NEG NEG NEG LR-HPV

9 3 POS POS NEG NEG NEG LR-HPV

*L1-DNA were from both high- and low risk HPV genotypes. **ISH not informative due to insufficient biopsy material.
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