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High incidence of high-risk HPV in benign
and malignant lesions of the larynx
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Abstract. The aim of this study was to determine the prevalence
of human papillomavirus (HPV) in patients with laryngeal
benign lesions (LBLs) and laryngeal squamous cell carcinomas
(LSCCs) using a sensitive E6/E7 type-specific PCR. Paraffin-
embedded samples from LBL (n=39) and LSCC patients (n=67)
were evaluated for the presence of HPV DNA by GP5*/GP6*
consensus PCR and E6/E7 type-specific PCR for HPV
types 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66
and 68. In LSCCs, immunohistochemical staining of p16,
p53 and EGFR was also assessed. The E6/E7 type-specific
PCR showed that 44 out of 59 LSCC patients (i.e., 75%) had
high-risk (hr) HPV types and that 27 out of 35 LBL patients
(i.e.,77%)had hrHPV types. HPV-16 viral load was significantly
higher in LSCC than in LBL patients (p<10-°). The presence
of hrHPV DNA did not correlate with the proportion of
disease-free patients. Comparable levels of p16, p53 and
EGFR expression were observed in the hrHPV* tumor
group (100% p16*, 56% p53* and 97% EGFR*) and in the
HPV- or low-risk (Ir) HPV* tumor group (92% pl6*, 66%
p53+ and 100% EGFR*). A very high prevalence of oncogenic
HPV-16 was found in a series of benign and malignant
laryngeal lesions. LSCC appears to be characterized by an
active hrHPV infection. In LSCCs, the hrHPV+* subgroup had
a similar prognosis (in terms of risk of recurrence) as the
HPV- subgroup.
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Introduction

Head and neck squamous cell carcinomas (HNSCCs) are
characterized by varying rates of incidence and mortality around
the world, such as higher rates in Southeast Asia and Eastern
Europe (1). Besides being associated with well-established risk
factors, such as smoking and alcohol use, the development of
laryngeal carcinoma (LSCC) has also been reported to be
associated with some human papillomaviruses (HPVs) (2).
Nearly 30 years ago, Gissman and colleagues detected the DNA
sequences of HPV-6 and -11 in genital and laryngeal papillomas
(3). Laryngeal papillomatosis is the most prevalent benign tumor of
the larynx in children, and mother-to-child transmission is probably
involved in juvenile-onset papillomatosis (2). Several of the
120 HPV genotypes have been detected in LSCCs, and the
prevalence of HPV has been estimated to range between 3-85%
(2,4-10). Although the most important clinical manifestation of
laryngeal HPV infection is laryngeal papillomatosis (HPV
incidence: 83-100%), HPV DNA is also detected in normal
mucosa (incidence: 20%) and in LSCCs (2). Indeed, Nunez et al
(11) showed that post-mortem specimens of macroscopically
normal laryngeal mucosa and hypopharyngeal mucosa were
HPV+*in 25 and 18% of cases, respectively.

In laryngeal papilloma lesions, HPV-6 and HPV-11 are
the most commonly encountered types, whereas HPV-16 is
the most frequently detected type in laryngeal carcinomas.
Recently, Mammas and co-authors showed that other HPVs
such as HPV-13, 39, 40 and 56 were detected in recurrent
respiratory papillomatosis (12). The course of adult-onset
laryngeal papillomatosis remains unpredictable, but several
studies have reported that HPV DNA is detectable both in
biopsy specimens from uninvolved sites and from patients
in remission (13). Malignant transformation of laryngeal
papillomas is a rare event that occurs in only 3-7% of patients.
Smoking and low-risk (Ir) or high-risk (hr) HPV infections
have been proposed to be cofactors in the conversion of
laryngeal papillomas into carcinomas (14).
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Studies on the mucosal oncogenic types of HPV have
demonstrated that the products of two early genes, the E6 and
E7 oncoproteins, play crucial roles in malignant transformation
(15). The E6 oncoprotein promotes the degradation of p53 via
the ubiquitin pathway (16). The E7 oncoprotein has a strong
affinity for pRb and promotes its degradation (5,17,18). The
ES5 oncoprotein has been suggested to play a role in the early
stimulation of growth of HPV-infected cells via an interaction
with EGFR (17,19).

The aim of this study was to assess the presence of HPV
DNA (by GP5*/GP6* consensus PCR and subsequent geno-
typing using E6/E7 type-specific PCR for 18 HPV types) in a
series of 39 laryngeal benign lesions (LBLs) and 67 laryngeal
squamous cell carcinomas (LSCCs) (stages I, II and IV) that
were characterized during a long-term follow-up. Moreover,
we examined the expression patterns of pl6, p53 and EGFR
and their correlation with the presence of HPV DNA to
predict the survival of LSCC patients.

Materials and methods

Histopathological and clinical data. Formalin-fixed, paraffin-
embedded laryngeal squamous cell carcinoma (LSCC)
specimens were obtained from 67 patients who underwent
radical curative surgery between January 2001 and December
2007 at the Saint-Pieter Hospital (Brussels, Belgium). For
each surgical specimen, we selected the paraffin block that
presented the highest proportion of carcinoma and avoided
the necrotic area frequently observed in the central part of the
tumor. Clinical staging was performed according to the TNM
classification system (20), and the data describing the tumors
of the 67 LSCC patients are detailed in Table I. The diagnoses
were based on the histological criteria previously described
by Hyams ef al (21). All laryngeal SCCs included in this study
were primary tumors, and the patients did not have any distant
metastases or recurrences. This retrospective study was approved
by the local Institutional Review Board. All of the LSCC
specimens used in this study came from patients who did not
undergo chemotherapy and/or radiotherapy before surgery.
Our clinical series of laryngeal SCC specimens represented
a clinically and histopathologically homogeneous sample.
The series of 39 LBLs was composed of 20 vocal nodules, 6
papillomas and 13 chronic laryngitis; the 39 LBLs are described
in Table II.

DNA extraction. The formalin-fixed, paraffin-embedded tissue
samples (n=106) were sectioned (10x5 pm), deparaffinized,
digested with proteinase K and incubated overnight at 56°C.
DNA was purified using the QIAamp DNA Mini Kit (Qiagen,
Benelux, Belgium) according to the manufacturer's recommended
protocol.

Detection of HPV by polymerase chain reaction (PCR)
amplification. HPV detection was performed by PCR using
the GP5*/GP6* primers (synthesized by Eurogentec, Liege,
Belgium). The GP5*/GP6* primers amplify a conserved sequence
located within the L1 region of the HPV genome. The PCR
amplification of the HPV-L1 DNA was performed in a 25-ul
reaction that consisted of 2 ul of extracted DNA, 2.5 ul 1X PCR
buffer, 0.025 U Taq DNA polymerase (Roche, Mannheim,

Germany), 200 uM dNTPs and 0.5 pmol of each primer. The
cycling conditions for PCR were as follows: denaturation
was performed at 94°C for 1 min, annealing was performed
at 55°C for 90 sec, and extension was performed at 72°C for
2 min for a total of 45 amplification cycles. The first cycle was
preceded by a 7-min denaturation step at 94°C, and the last
cycle was followed by an additional 10-min extension step at
72°C. Aliquots (10 pul) of each PCR product were electrophoresed
on a 1.8% agarose gel and stained with ethidium bromide to
visualize the amplified HPV-L1 DNA fragments.

Real-time quantitative PCR amplification of HPV type-
specific DNA. All DNA extracts were tested for the presence
of 18 different HPV genotypes using TagMan-based real-time
quantitative PCR that targeted type-specific sequences of the
following viral genes: type 6 E6, type 11 E6, type 16 E7,
type 18 E7, type 31 E6, type 33 E6, type 35 E6, type 39 E7,
type 45 E7, type 51 E6, type 52 E7, type 53 E6, type 56 E7,
type 58 E6, type 59 E7, type 66 E6, type 67 L1 and type 68 E7
(22). For the different real-time quantitative PCR assays,
the analytical sensitivity ranged from 1-100 copies and was
calculated using standard curves generated with plasmids
containing the entire genome of the different HPV types (21).
Real-time quantitative PCR of B-globin was performed for
each sample to verify the quality of DNA and to measure the
amount of input DNA (23,24). The following HPV types were
considered to be high risk (hr): 16, 18, 31, 33, 35, 39, 45, 51,
52,53, 56,58, 59 and 66.

Immunohistochemistry. All tumor samples were fixed in 4%
buffered formaldehyde for 24 h, dehydrated and embedded in
paraffin. Immunohistochemistry was performed on 5-um thick
sections mounted on silane-coated glass slides (25). Before
starting the immunohistochemistry protocol, deparaffinized
tissue sections were placed in a 0.01 M citrate buffer (pH 6.0)
and briefly pre-treated in a 900-W microwave for 2x5 min. The
sections were then incubated in a solution of 0.06% hydrogen
peroxide for 5 min to block endogenous peroxidase activity,
rinsed in phosphate-buffered saline (PBS; 0.04 M Na,HPO,,
0.01 M KH,PO, and 0.12 M NaCl, pH 7.4) and successively
exposed to solutions containing avidin (0.1 mg/ml in PBS)
and biotin (0.1 mg/ml in PBS) for 5 min each to prevent
false-positive staining reactions from the presence of endo-
genous biotin. After thorough washing with PBS, the sections
were incubated for 15 min in a solution of 0.5% casein in
PBS and sequentially exposed to the following solutions at
room temperature: i) the specific primary antibody, ii) the
corresponding biotinylated secondary antibody (polyclonal
goat anti-rabbit IgG) and iii) the avidin-biotin-peroxidase
complex (ABC) kit. The samples were subjected to thorough
washing between incubation steps to remove unbound proteins.
The antigen-dependent presence of the peroxidase complex in
the sections was visualized by incubation with the chromogenic
substrates diaminobenzidine and H,0O,. After rinsing, the
sections were counterstained with luxol fast blue and mounted
in synthetic medium. To exclude antigen-independent staining,
the incubation steps with primary/secondary antibodies were
omitted from the protocol in control samples. In all instances,
these controls were negative. The biotinylated secondary
antibodies and ABC kit were obtained from DakoCytomation
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Table II. Clinical data.

Variable Low-stage High-stage
LSCCs LSCCs
Stages I & I  Stage IV
46 cases 21 cases

Age (years)

Range 36-88 43-78

Average 57 57
Sex (cases)

Male 44 21

Female 2 -
Site (cases)

Supraglottic area 5 10

Glottic area 34 1

Supraglottic and glottic areas 7 7

Subglottic and glottic areas - 3
Histological grade (cases)

Well differentiated 38 12

Moderately differentiated 7 9

Poorly differentiated 1 -
TNM stage (cases)

TINOMO 34 -

T2NOMO 12 -

T4NOMO - 10

T4N1IMO - 5

T4N2MO - 6
Tumor treatment (cases)

Co, laser cordectomy 9 -

Frontolateral laryngectomy 2 -

Vertical partial laryngectomy 3 -

Supracricoid partial laryngectomy 29 3

Supraglottic laryngectomy 3 -

Total laryngectomy - 18
Treatment of the neck (cases)

Functional neck dissection 23 24

Radical neck dissection - 2
Histology (cases)

Positive margins 3 -

Larynx cartilage invasion - 11

Positive node/capsular effraction 3/- 13/5
Recurrence (cases)

Local recurrence 3

Nodal recurrence 3

Distant recurrence - 6
Follow-up

Range (months) 2-130 5-74

Average (months) 43 30

Clinical data of patients with laryngeal benign lesions

Diagnosis
Vocal nodule 20 cases
Chronic laryngitis 13 cases
Papilloma 6 cases
Age (years)
Range 7-83
Average 55
Sex (cases)
Male 23
Female 16

(Glostrup, Denmark). The pl16, p53 and EGFR antibodies were
purchased, respectively, from Abcam (Cambridge, UK),
DakoCytomation and Invitrogen (Camarillo, CA, USA).
Assessments of pl6, p53 and EGFR immunoreactivities were
performed by two independent investigators who were blind
to the clinical details of the patients. Tumors were classified in
a binary manner as either pl16, p53 and EGFR-positive (strong,
diffuse staining) or p16, p53 and EGFR-negative (weak or
absent staining; i.e., the labeling index (LI) corresponding to
the percentage of immunopositive cells was <5%).

Data analysis. Categorical data from the independent groups
were compared using the ¢ test or Fisher's exact test, as deemed
appropriate. Survival was measured in months from the date
of diagnosis until death or until the date at which the patient
was last known to be alive. The standard survival time analyses
were performed using Kaplan-Meier curves and Gehan's
generalized Wilcoxon's and log-rank tests. The statistical
analyses were performed using the Statistica software package
(Statsoft, Tulsa, OK, USA).

Results

HPV status in benign laryngeal lesions. Four out of 39 specimens
had insufficient tissue quantities for DNA extraction after
pathological evaluation and were therefore excluded from
further analyses (Fig. 1). In the 35 remaining specimens,
[-globin was positively amplified. In our series of 35 benign
laryngeal lesion samples, we identified 27 lesions (77%) that
were positive for hrHPVs. All of these specimens were positive
for HPV-16. Moreover, multiple HPV types were detected in
four lesions (i.e., one case was also positive for HPV-51 and
three cases were infected with IrHPV types 6 or 11). In the
hrHPV-negative subgroup (n=_8), two specimens tested positive
for HPV using the GP5*/GP6* consensus primers and were
considered to be infected with IrHPV types (Fig. 1). Only six
benign lesions were negative in both GP5*/GP6* and type-
specific HPV PCR analyses (17%). Among the 27 hrHPV*
lesions, 12 were both positive for GP5*/GP6* and type-specific
HPV (hrHPV* group), whereas 15 were negative for GP5*/GP6*
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n=39 cases
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18 Type specific E6/E7 HPV PCR
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Type specific HPV + Type specific HPV + Type specific HPV - Type specific HPV -
and GP5+/6+ PCR + and GP5+/6+ PCR - and GP5+/6+ PCR + and GP5+/6+ PCR -
and B-Globin PCR + and B-Globin PCR + and B-Globin PCR + and B-Globin PCR +
n=12 n=15 n=2 n=6
(34%) (43%) (6%) (17%)
HR HPV + Int. HR HPV + LR HPV + HPYV negative
(34%) (43%) (6%) (17%)
HR HPV +
n=27
(77%)

Figure 1. Flow diagram of the HPV PCR results from formalin-fixed, paraffin-embedded benign laryngeal lesion specimens included in this study. Archived
tissue blocks were obtained from 39 patients with benign laryngeal lesions. These biopsies were collected from June 2001 to May 2009. Four samples
could not be analyzed due to insufficient material, and -globin could be amplified from all other samples. Therefore, 35 cases were analyzed by type-specific
real-time PCR and GP5*/GP6* consensus PCR. Among these patients, 77% tested positive for infection with one (type 16) or several types of hrHPV, 6% were
positive for ITHPV and 17% were HPV-. Among the 27 patients with hrHPV* tumors, 12 tumors were both GP5*/GP6*-positive and type-specific HPV-positive
(hr-HPV* group); however, 15 tumors were GP5*/GP6*-negative and type-specific HPV-positive, which corresponds to the integrated HPV* group (int.

hrHPV¥).

and positive for type-specific HPV, which corresponds to the
integrated HPV* group (int. hrHPV*) (Fig. 1).

HPYV status in laryngeal squamous cell carcinoma specimens.
Six cases out of the 67 LSCC specimens had insufficient tissue
quantities available for DNA extraction after pathological
evaluation and therefore were excluded from further analyses
(Fig. 2). Out of the remaining 61 cases, two other cases were
also excluded because -globin was not amplified from these
samples. Ultimately, 59 specimens were tested with both
quantitative real-time PCR with primers for 18 different HPV
types and the GP5*/GP6* primers (Fig. 2). From this clinical
series of 59 LSCC tumor specimens, we identified 44 patients

(75%) with tumors that were positive for the following hrHPV
types: HPV-16 (37 cases), -18 (10 cases), -33 (3 cases), -35 (1
case), -39 (1 case), -51 (5 cases) and -66 (3 cases). In 13 speci-
mens, multiple hrHPVs were detected. In the hrHPV-negative
subgroup (n=15), three tumors were positive for the GP5*/GP6*
consensus PCR and were considered to be infected with IrHPV
(Fig. 2). Only 12 tumors were negative in both the GP5*/GP6*
and type-specific HPV PCR analyses (20%). Among the 44
hrHPV* tumors, 23 were both GP5*/GP6*-positive and type-
specific HPV-positive (hr-HPV* group); however, 21 tumors
were GP5+/GP6+*-negative and type-specific HPV-positive,
which corresponds to the integrated HPV* group (int. hrHPV*)
(Fig. 2). There were no significant differences between the
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Figure 2. Flow diagram of the HPV PCR results from formalin-fixed, paraffin-embedded laryngeal carcinoma specimens included in this study. Archived
tissue blocks were obtained from 67 patients who underwent curative surgery for laryngeal carcinoma between 2000 and 2007. Six samples could not be
analyzed due to insufficient material, and for two other samples, $-globin could not be amplified. Therefore, 61 cases were analyzed by type-specific real-time
PCR and GP5*/GP6* consensus PCR. Among these patients, 75% tested positive for infection with one or several types of hrHPV, 5% were positive for IrTHPV
and 20% were HPV-. Among the 44 patients with hrHPV* tumors, 23 tumors were both GP5*/GP6*-positive and type-specific HPV-positive (hr-HPV* group);
however, 21 tumors were GP5*/GP6*-negative and type-specific HPV-positive, which corresponds to the integrated HPV* group (int. hrHPV*).

HPV* and HPV- subgroups regarding tobacco use, age, stage
and differentiation.

Prognostic value of the presence of hr-HPV DNA in our series
of laryngeal carcinomas. Positive htHPV status did not correlate
with the proportion of disease-free patients in our series of
59 patients (Fig. 3). The 5-year disease-free survival was 87%
in HPV- or IrHPV* low-stage tumors versus 76% in hrHPV*
low-stage tumors (log-rank test, not significant: NS) (Fig. 3A).
The 5-year disease-free survival was 60% in HPV- or IrtHPV*
high-stage tumors versus 58% in hrHPV* high-stage tumors
(log-rank test, NS) (Fig. 3B). After grouping the low and high
stages, the 5-year disease-free survival was 77% in HPV- or
IrtHPV* laryngeal tumors versus 67% in hrHPV* laryngeal
tumors (log-rank test, NS) (Fig. 3C).

Comparison of the HPV-16 viral loads in benign and malignant
laryngeal lesions. Using quantitative PCR, we compared the
HPV-16 viral loads in LBLs and LSCCs. This comparison
showed that LSCCs had higher HPV-16 viral loads (median:
504 copies/specimen) than LBLs (median: 37 copies/specimen)
(Fig. 4A, Mann-Whitney U test, p<10-°). A similar comparison
between low- (median: 504 copies) and high-stage LSCCs
(median: 780 copies) did not reveal any statistically significant
difference in viral load (Fig. 4B, Mann-Whitney U test, not
significant).

EGFR expression as determined by immunohistochemistry.
Fig. 5A shows that typical EGFR immunostaining was located
on the tumoral cell membrane. Of our LSCC specimens, 96%
were EGFR*. We analyzed EGFR expression in relation to
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laryngeal carcinoma. (C) Disease-free survival curves for all stages together.
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HPV status, and no statistically significant difference was
observed between the HPV- and 1Ir-HPV* subpopulations
because both expressed EGFR in 100% of the specimens, and
the hr-HPV* carcinoma subpopulation was EGFR* in 97% of
cases. Comparison of the disease-free survival curves based
on the EGFR immunohistochemical staining did not show
any statistically significant differences (Fig. 5B).
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Figure 4. Mann-Whitney U test comparing the HPV-16 viral loads between
LBLs and LSCCs (A) and between low- and high-risk carcinomas (B).

pl6 expression as determined by immunohistochemistry.
Expression of pl6 was detected by immunohistochemistry in
97% of LSCCs. As shown in Fig. 5C, the pl6 immunostaining
was nucleocytoplasmic. LSCC patients with higher p16
expression had the lowest rate of local recurrence (20%
recurrence 5 years after diagnosis) (Fig. 5C and D); however,
there was no statistically significant differences between the
four disease-free survival curves based on pl16 immunohisto-
chemical staining (Fig. 5D). All hrHPV* tumors expressed
pl6.

p53 expression as determined by immunohistochemistry.
Nuclear immunostaining of p53 was detected in 53% of our
LSCC specimens (Fig. 5SE and F). The percentage of p53*
LSCCs was comparable in both populations. Sixty-six percent
of the HPV/Ir-HPV* LSCCs were p53*. This percentage
decreased to 56% in the hr-HPV+ LSCC subpopulation. p53
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Figure 5. Typical EGFR, pl16 and p53 immunohistochemical staining profiles for LSCCs (A, C and E). B, D and F show the survival curves of patients that
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overexpression did not correlate with the proportion of disease-
free patients in our series of LSCCs.

Discussion

Oncogenic human papillomaviruses (HPVs) have been proposed
to be potential pathogenic factors in SCCs of the larynx.
Studies dedicated to HPV infections in LSCCs have reported
wide variations in frequency that range from 3 to 85%
(2,4-10). LSCCs are infected with a spectrum of oncogenic
and non-oncogenic HPV types. This huge variation in HPV
prevalence in LSCCs could be due to technical and geographical
factors. In fact, these studies were mainly performed in North
America and Europe, and PCR was used for viral detection.

After 20 years of HPV research, many assays for HPV DNA
detection are available, and each has limitations. Recent
PCR-based assay systems, such as the quantitative type-specific
methods, have very high sensitivities, whereas the GP5*/GP6*
PCR is less sensitive for HPV detection (24). Our results
confirmed this difference in sensitivity, but the combination
of both PCR techniques allowed us to detect integrated
HPV types because the GP5*/GP6* PCR detects the L1 region
that is lost during integration, whereas the type-specific gPCR
detects the E6/E7 regions. Therefore, the GP5*/GP6*-negative
and type-specific HPV-positive cases correspond to the
integrated HPV* group (int. hrHPV*). Our results showed a
high prevalence of hrHPV infection (i.e., 75%) in LSCCs.
This is comparable to a previous study that showed a high
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incidence of HPV infection in LSCCs (2). The multiplex
qPCR used in this study was recently validated on a large
series of 10,000 liquid cervical cell samples from female
residents of Flanders (24). The frequency of hrHPV infection
was 11% in women without cytological abnormalities, and the
prevalence of hrHPV infection was the highest in 20-24-year-old
women (29%) and decreased progressively with age (24).
Moreover, we studied the incidence of HPV infections in a
series of 80 patients undergoing tonsillectomies for hypertrophy,
recurrent tonsillitis or snoring (unpublished data). These
non-cancerous palatine tonsils showed a 28% incidence of
HPV infection (unpublished data). This lower incidence in
non-cancerous tonsils argues that the higher incidence in
LSCCs is not due to contamination. Using the same qPCR
methods in a series of 70 parotid tumors, only one case was
HPV*. To prevent false-positives, precautions were taken to
prevent tissue contamination. We recently showed that 82%
of hypopharyngeal carcinomas were infected by hrHPV (18).
Our results could be explained by the fact that we used a very
sensitive (10-100 copies per PCR reaction) and type-specific
real-time quantitative PCR analysis with a short amplification
product (60-80 bp), which is less sensitive to the presence of
degraded DNA in paraffin-embedded specimens. In a recent
review dedicated to the molecular detection methods of HPV,
Zaravinos and co-authors defined the PCR-based detection as
a highly sensitive and specific method (26).

In our population of patients with LSCCs, there were no
significant differences between the HPV+ and HPV- subgroups
regarding tobacco use, age, stage, differentiation and clinical
outcomes (recurrence and survival). Importantly, our clinical
series was composed of patients with very long-term follow-up
times (ranging from 2 to 130 months), which is crucial for
assessing the prognostic implications of HPV infections.
Although there is strong support in the literature for the
association between HPV* tumors and better prognoses,
especially in oropharyngeal carcinomas, other studies did
not find an improved prognosis for HPV-associated tumors
(18,27-30). On the other hand, Rosenquist et al (31) showed
that among patients with oral and oropharyngeal tumors, the
hrHPV+* subgroup had a higher risk of recurrence or development
of a second primary tumor but had a lower risk of death due to
an intercurrent disease, compared to the hrHPV- group. The
significance of hrHPV infection and its relationship with
LSCC prognosis is still an important matter of debate.

hr-HPVs produce two oncoproteins, which are encoded
by the E6 and E7 genes, that are responsible for the abrogation
of important cellular processes, such as cell cycle control
and apoptosis (16). The main function of E6 is to bind to the
tumor suppressor gene product p53, while E7 binds to the
phosphorylated retinoblastoma tumor suppressor gene product
pRb (16). After hrHPV integration, abnormal expression of
E6 and E7 in the squamous epithelium has been proposed to
initiate tumor progression. The p16 tumor suppressor gene is
also frequently upregulated in HPV* HNSCCs because it is
negatively regulated by pRb (32,33). Begum and colleagues
(34) showed that pl6 overexpression acts as a surrogate for
HPV~ oropharyngeal SCCs in lymph node metastases of
oropharyngeal carcinomas. On the other hand, loss of p16
protein expression is a common and early event in tobacco-
related HNSCCs (33). Our results demonstrate that the biology

of laryngeal SCCs is probably more complex than previously
thought and that tumorigenesis probably involves several
different molecular pathways, including the tobacco-related
pathway and the HPV-related pathway. Our clinical series was
composed of tobacco-associated carcinomas, and 75% of these
specimens were HPV*. These results confirm our previous
findings with a clinical series of 75 stage IV hypopharyngeal
carcinomas, in which 82% of tobacco/alcohol-associated
carcinomas were HPV* (18). Moreover, we did not find any
statistically significant differences between pl6, p5S3 and
EGFR immunohistochemical staining in HPV* and HPV-
laryngeal carcinomas.

Our results strongly support the proposition that a higher
HPV-16 load in LSCCs (viral load median: 504 copies) is
indicative of an active HPV infection, compared to our series
of benign laryngeal lesions (median: 37 copies). This finding
clearly shows that tobacco-related carcinomas are associated
with active HPV-16 infections unlike benign laryngeal lesions.
In fact, Cohen and colleagues demonstrated that HPV* tonsillar
carcinomas that present a high HPV copy number are associated
with a better prognosis than HPV- carcinomas (35). In our
laryngeal series, stage IV carcinomas presented a higher
HPV-16 copy number than stage I or II carcinomas; however,
we did not find any statistically significant difference between
HPV-16* carcinomas with high copy numbers compared to
those with low copy numbers.

Our results suggest that active HPV infections play a role
in laryngeal carcinogenesis. The biology of tobacco-associated
carcinomas is more complex than exclusively HPV-related
carcinomas because we did not find any particular HPV
biological signature using additional markers, including p16,
p53 and EGFR. The question remains open as to whether
there is any direct link between HPV infection and laryngeal
cancers that could necessitate HPV vaccination in boys and
girls (36). Prospective studies with large numbers of patients
and controls are therefore required to confirm this hypothesis.
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