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Abstract Human papillomavirus (HPV) infections are
thought to be one of the causal factors in the develop-
ment of head and neck squamous cell carcinomas
(HNSCC), particularly in tumors arising from the
Waldeyer’s tonsillar ring. We screened 98 carefully
stratified HNSCC and different control tissues for the
presence of HPV DNA by nested polymerase chain
reaction (PCR) specific for genital- and Epiderm-
odysplasia verruciformis (EV)-associated HPVs and by
HPV16-specific single step PCR. Typing was performed
by direct sequencing and/or sequencing of cloned
amplimers. On average HNSCC showed rather low HPV
DNA prevalences; 18% of the oral cavity cancers, 8% of
nasopharyngeal cancers, 25% of hypopharyngeal can-
cers and 7% of laryngeal cancers were HPV DNA posi-
tive. In contrast, HPV sequences could be detected in
45% of the oropharyngeal cancers, particularly tonsillar
carcinomas (58%). Tonsillar carcinomas were signifi-
cantly more likely to be HPV positive than tumors from
any other site (P<0.001). All tonsillar cancers contained
oncogenic HPV types, predominantly HPV16 (13 of 14;
93%). Unaffected tonsils were available from two of
these patients, but both tested negative for HPV DNA.
Furthermore, no HPV DNA could be found in tonsillar

biopsy specimens from control groups. Localization and
load of HPV DNA was determined in HPV16-positive
tonsillar carcinomas, their metastases and in unaffected
mucosa using laser-assisted microdissection and subse-
quent real time fluorescence PCR. We demonstrated that
the HPV genome is located in the cancer cells, whereas
the infection of normal mucosa is a rare event. Quanti-
fication of HPV16 DNA in samples of seven patients
yielded viral loads from 6 to 153 HPV DNA copies per
b-globin gene copy and the load values in both locations
were roughly comparable. These loads are comparable
with data shown for other HPV-associated lesions. Sta-
tistical evaluation of data related to clinicopathological
parameters showed a significant correlation of the HPV
positivity of tonsillar carcinomas with tumor grading
(P=0.008) and alcohol consumption (P=0.029). Taken
together our findings show a preferential association of
HPV DNA with tonsillar carcinomas. Furthermore our
results argue for HPV-positive tonsillar carcinomas
representing a separate tumor entity, which is less
dependent on conventional HNSCC risk factors.
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Human papillomavirus (HPV) infections are responsible
for a broad spectrum of epithelial tumors of skin and
mucosa, ranging from benign warts, papillomas and
dysplasias to malignant lesions of the cervix uteri [7, 25].
The causal role of HPV infection in carcinogenesis and
the involved molecular mechanisms could be elucidated
best in the case of cervical carcinomas. Overwhelming
epidemiological and molecular evidence indicates the
existence of several so-called high-risk HPV types (e.g.,
HPV16 or 18), which are consistently associated with
genital malignancies and encode proteins that deregulate
the control network of cellular proliferation/differentia-
tion processes [32]. Furthermore, other neoplasias of
men are currently being intensively examined in view of
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their possible etiological association with HPV infec-
tions. According to epidemiological data, the most
probable candidates are the non-melanoma skin cancers
and some of the head and neck squamous cell carcino-
mas (HNSCC) [6, 20].

HNSCC represent 6% of all new cancer cases [18].
Cigarette smoking and alcohol consumption have been
shown to significantly increase the risk for developing
HNSCC [28]. However, a significant proportion of
HNSCC patients do not contribute to these risk groups.
Despite correction for stage and localization of the tu-
mors the prognosis is diverse [3], suggesting that
HNSCC are a heterogenic group of tumors with differ-
ent cell biology and etiology. Tonsillar carcinomas are
the most common head and neck malignancy, surpassed
only by laryngeal tumors [8]. There are several recent
studies indicating that there is a correlation between
HPV infection and tonsillar carcinomas.

We reported on the prevalence of HPV DNA in a
series of carefully stratified HNSCC, homologous me-
tastases and different control groups using highly sen-
sitive PCR protocols. By laser-assisted microdissection
we tested for the association of HPV DNA with either
neoplastic or normal epithelial cells [13]. As shown in
retrospective case-control studies high HPV16 load is
associated with a strongly elevated risk of developing
cervical carcinomas [11, 31]. Focusing on tonsillar car-
cinomas, quantification of HPV DNA was carried out
using a real time quantitative PCR assay in primary and
metastatic tumor. The PCR analyses of 98 HNSSC cases
employing both group- and type-specific primers re-
vealed 26% of the tested samples to be HPV positive.
Depending on the anatomical location of the tumors
significant differences in the HPV DNA prevalence were
detected [13]. On average, HNSCC showed rather low
HPV-DNA prevalences; 18% of the oral cavity cancers,
8% of nasopharyngeal cancers, 25% of hypopharyngeal
cancers and 7% of laryngeal cancers were HPV DNA
positive. In contrast, HPV sequences could be detected
in 45% of the oropharyngeal cancers, and here especially
among tumors arising from the palatine tonsils (58%).
The other sites of the oropharynx were HPV negative or
showed low HPV DNA prevalences (base of the tongue,
17%) [13]. Sequence analysis revealed that 84% of tested
DNA samples (21 out of 25 HPV-positive biopsy sam-
ples) carried sequences of the HPV type 16, all showing
99–100% homology with the HPV16 prototype de-
scribed by Seedorf et al. [24]. HPV33 was only detected
once in a biopsy of a tonsillar carcinoma. Four of the
analyzed tumors contained sequences of typical cuta-
neous papillomaviruses: HPV19 (1 hypopharyngeal and
1 tongue cancer), IA09 (accession no. AFO42003,
nasopharyngeal tumor) and ADX1 (accession no.
AJ001483, tonsillar carcinoma). In two tonsillar cancers
double infections by HPV5/HPV16 and ADX1/HPV16
were identified. Normal mucosa controls of patients
with HPV-positive tumors showed HPV DNA in 7 of 11
(64%) cases. HPV DNA was not detected in any of the
tonsillar specimens from the non-tumor controls.

Viral load determination was performed for 8 pa-
tients with HPV16 and for 1 patient with HPV33 posi-
tive tonsillar carcinoma. Viral loads were determined in
microdissected samples from neoplastic and histologi-
cally normal areas of primary tumor and lymph node
metastasis and from unaffected mucosa. The mean
HPV16 loads in primary tumors ranged from 6 to 153
copies per b-globin gene copy [13]. These values are
comparable to the HPV16 loads we measured in other
HPV-associated lesions as erythroplasia of Queyrat [29]
and cervical scrapes of dysplasia patients (Weissenborn
et al., submitted). Load values in the primary tumors
and metastases were roughly comparable. In contrast,
except for one case all the microdissected samples of
histologically normal mucosa from tumor margins were
HPV negative. For the tonsillar subset, a significant
correlation of the HPV status and primary tumor
grading, alcohol consumption and cigarette smoking
was found. Poorly differentiated tumors were more
likely to be HPV positive (P=0.008). Patients with
HPV-positive tumors had a significantly lower alcohol
intake per day than patients with HPV-negative tumors
(P=0.029). Further, there was a trend for patients with
HPV-positive tumors to be nonsmokers or light smokers
(P=0.037). Statistical testing revealed no significant
correlation of the HPV status with TMN stage or local
tumor control. Furthermore, no significant correlation
between HPV-positive and -negative carcinomas in
regard of the median age (P=0.97, t-test) or gender
(P=0.44, Chi-square test) could be seen [13].

Summarizing, using PCR methods capable of detect-
ing more than 90% of presently known HPV-types we
found papillomavirus sequences in 58% (14 of 24) of the
tonsillar carcinomas. All of these contained oncogenic
HPV types, predominantly HPV16 (13 of 14; 93%). In
other tumor localizations oncogenic HPV types were
detected in only 8% (6 out of 74). These results show that
tonsillar carcinomas are significantly more likely to be
HPV positive than tumors from all other sites
(P<0.001). In view of the number of tested tumors
(n=98), and especially because of the high sensitivity of
the employed detection methods, we believe this estimate
to reflect the true prevalence of HPV DNA. Our preva-
lence data based on the so-far largest patient collective
are in line with previous reports [2, 6, 19, 27, 30].

The cumulative data of HPV DNA prevalence among
HNSCC reveal carcinomas arising from the palatine
tonsil as being preferentially infected with HPV16, sug-
gesting a potential role of this virus in the tumor etiol-
ogy. The central question is whether HPV-associated
tonsillar carcinomas are a different tumor entity, distinct
from other HNSCC in regard of risk factors, tumor
biology and prognosis. Serological studies have shown
that HPV-16-seropositive subjects have an extensively
increased risk (odds ratio 10.2) for the development of a
tonsillar carcinoma [14, 17]. Furthermore, patients with
human papillomavirus (HPV)-associated anogenital
cancers and husbands of women with HPV-associated
neoplastic lesions of the cervix have an increased risk for
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tonsillar squamous cell carcinoma, suggesting HPV as a
risk factor [4, 10]. Indeed, known risk factors for cervical
carcinomas, such as younger age at first intercourse,
high number of sex partners and a history of genital
warts were also shown to increase the chance for
developing HPV-positive HNSCC [23]. These findings
led to the hypothesis regarding HPV-positive HNSCC as
a sexually transmitted disease [4, 5].

Sexual transmission of oncogenic HPV is generally
accepted for the anogenital region [7, 25], whereas the
routes of infection for the oropharyngeal region are
unclear. The fact that 51.7% of buccal samples from 267
healthy children aged 3–11 years were shown to be
HPV16 positive suggests that vertical transmission is an
event. In contrast, we did not detect HPV sequences in
the tonsils and adenoids of 19 children in a similar age
group, indicating transmission later in life (Klussmann
et al., submitted).

There are only rare data on the prevalence of onco-
genic HPV in the normal mucosa of the oropharynx in
healthy adults (for overview see [16]). We did not detect
HPV DNA in tonsils of the adult control group using
highly sensitive PCR techniques [13]. Consequently,
infection of the oropharynx with oncogenic HPV seems
to be an infrequent event, in contrast to the genital re-
gion where in many cases normal cervix smears contain
oncogenic HPV. HPV-associated cervical carcinomas
mostly arise from the so-called transformation zone,
which is more susceptible to HPV infections due to
exposition of the basal layer of the epithelium. The
anatomic structure of the tonsils is characterized by deep
invaginations of mucosal surface (tonsillar crypts),
which can probably trap infectious agents simply by
lowering their mechanical clearance. These crypts are
lined with a monolayer epithelium showing similarities
to basal keratinocytes of mucosa. Evidence that the
HPV-positive tonsillar carcinomas arise in the tonsillar
crypts is also gained from histological and clinical
experience. In Fig. 1 a histological section of a typical
HPV-positive tonsillar carcinoma is shown. The carci-
noma is located exclusively in the crypt and has not
reached the tonsillar surface in any section, indicating
the origin of the carcinoma from the crypt epithelium.
This is in line with the clinical observation that first
symptoms in these patients are often the cervical masses,
indicating the lymph node metastasis, whereas the ton-
sils macroscopically show no abnormality [8].

Concerning the different tumor pathology of HPV-
positive tonsillar carcinomas, a correlation with poor
keratinization [30] and a decreased expression of the
retinoblastoma tumor suppressor protein has been re-
ported [1]. This is consistent with our data showing a
significant correlation of HPV positivity with tumor
grading, suggesting an influence of the viral oncogenes
on tumor cell differentiation. The influence of HPV on
the cell cycle in tonsillar carcinomas is also shown by
preliminary data concerning the expression of the p16
tumor suppressor protein (Klussmann, manuscript in
preparation). p16 is a cyclin-dependent kinase (CDK)

inhibitor that decelerates the cell cycle by inactivating
CDKs that phosphorylate retinoblastoma (Rb) protein
[15]. The p16 expression is markedly influenced by the
status of Rb expression [21], and p16 overexpression has
been demonstrated in cervical cancers as a result of
functional inactivation of Rb by HPV E7 protein [12,
22]. Using immunohistochemical techniques, we dem-
onstrated a strong and diffuse expression of p16 in the
HPV16-positive tonsillar carcinomas, whereas the HPV-
negative tonsillar carcinomas showed no or only focal
p16 expression. This may indicate the effect of functional
expression of E7.

Our finding that patients with HPV-positive carci-
nomas had a significantly lower exposure to the known
risk factors for HNSCC argues for HPV-positive ton-
sillar carcinomas representing a different tumor entity.
Interestingly, a better prognosis for patients with HPV-
positive HNSCC is reported [1, 6]. We [13] and others [9]
could not confirm this, probably due to short follow-up
periods. It has been suggested that the reason for better

Fig. 1 Typical human papillomavirus-positive tonsillar carcinoma
(long arrows and insert) raised from the crypt epithelium (short
arrow), whereas the tonsillar surface (thin arrows) does not show
signs of tumor
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survival of the HPV-positive tumor patients might be a
higher susceptibility to radiation or chemotherapy [1],
but this hypothesis has not yet be substantiated. Spec-
ulations that the HPV-positive HNSCC might be asso-
ciated with a younger age of the patients are refuted by
our findings [13] and earlier investigations [6, 26].

Taken together, our data strongly supports the idea
that HPV-positive tonsillar carcinomas represent a
tumor entity separate from other HNSCC.
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