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Mucosal and skin HPV types in tumour-free tonsils and tonsillar tumours 
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Human papillomavirus (HPV) infection is associated with tonsillar cancer (TC) whose incidence in humans is increasing. 
Tonsillar tumours are not ordinarily preceded by clinically apparent precancerous lesions, and no markers of the early stage 
disease are available. Th erefore, we evaluated the presence of an active HPV infection also in tumour-free tonsillar tissue. 
Formalin-fi xed paraffi  n-embedded (FFPE) tonsillar specimens from 114 patients with TC and 114 age and gender matched 
controls were screened for the presence of HPV DNA, expression of HR-HPV E6 mRNA, and p16 overexpression. HPV 
DNA was identifi ed in 3.5% of tumour-free tissues, HR-HPV16 and 58 and LR-HPV111 and 17 were each detected in a 
single sample. No HR HPV E6 mRNA and p16 overexpression was found. Th e prevalence of HPV DNA in TC was 69.3%, 
with HPV16 being the most common (94.9%). Eighty-four percent of HPV16-positive tumours expressed HR HPV E6 
mRNA, while no E6 mRNA was present in samples positive for HPV52 and 58. Th e overexpression of p16 correlated well 
with HPV DNA in TC, but in tumour-free tonsils no overexpression of p16 was detected.

Our data provide further evidence of the etiological role of HPV16 in TC. In tumour-free tissue, the presence of HR-HPVs 
was rare and silent, as shown by direct and indirect markers.
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Papillomaviruses (PVs) are small DNA viruses which 
infect the skin and mucosal epithelium. Th ey cause benign 
lesions as well as cancers of the urogenital tract in women 
and men and a part of the oropharyngeal tumours. Fortu-
nately, most human papillomavirus (HPV) infections are 
asymptomatic [1]. In the last decade, it has been shown 
that oropharyngeal tumours whose incidence is steadily 
increasing are etiologically linked with infection by high-
risk (HR) alpha-PVs [2–4]. Patients with HPV-associated 
tumours have better prognosis and fi ve-year survival [5]. In 
other locations of head and neck cancer (HNC), the involve-
ment of HPVs is not clear.

Alpha-PV types have been detected in approximately 
4.5% to 12% of oral samples from healthy individuals, and 
their prevalence seems to increase with age [6–8]. In patients 
with oropharyngeal tumours, a very good correlation of the 
type specifi c presence of alpha-PVs has been found between 
tumour tissues and oral rinses, suggesting that cells containing 
the virus are shed from the tumour [9–11]. Cutaneous HPV 
types are also frequently detected in the oral cavity [12–14], 
but information on the prevalence of cutaneous types in 

HNCs is inconsistent, and its clinical importance remains 
unknown [15, 16]. We have recently shown that more than 
55% of oral and 46% of oropharyngeal tumours contain 
beta-PVs, and the tissues are oft en co-infected with multiple 
types of HPV [14].

Cervical cancer is preceded by precancerous lesions, and 
screening programs based on the HPV detection to identify 
women at risk have been successfully introduced world-
wide. Tonsillar tumours are not ordinarily preceded by any 
clinically apparent precancerous lesions, and no markers 
of the early stage disease are available so far. Th erefore, no 
screening programs for oropharyngeal cancer exist. Surpris-
ingly, just recently, it has been shown that antibodies specifi c 
for HPV oncogenes can be detected years prior to oropha-
ryngeal cancer diagnosis [17]. Th is fi nding certainly needs 
confi rmation in larger studies, but can be suggestive of the 
presence of precancerous lesions hidden in the tonsillar 
crypts. However, a recent study which aimed to evaluate 
deep brushing of tonsillar crypts with liquid based cytology 
and HPV testing for the detection of precancerous lesions 
has failed to detect any lesion [18]. Th e limited number of 
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studies on the prevalence of HPV in healthy tonsillar tissue 
in a negligible number of analysed samples have suggested 
that the HPV presence is rare [19–23]. A recently published 
large study from the UK has found no HPV infection in 
tumour-free tonsil tissue from 4,095 subjects aged 0–69 years 
whose paired tonsils were archived aft er tonsillectomy [24]. 

Th e importance of detecting active viral infection in 
tonsillar tumours has been shown, but no study has been 
published which aims to detect viral mRNA in tumour-free 
tonsils, and only one study has evaluated the presence of an 
indirect marker of an active viral infection, p16, in tumour-
free tonsils [25]. In the present study, we aim to compare the 
prevalence of active HPV infection by alpha- and beta-PVs 
in tonsillar tumour tissues and tumour-free tonsillar tissues 
of age and sex matched group of patients. 

Patients and methods

Study population. Altogether 228 patients were included 
in the study, i.e. 114 patients with tonsillar carcinoma 
(TC) and 114 subjects with tumour-free tonsillar tissues. 
All patients with primary squamous cell TC (ICD-10: 
C090–C099) were treated in the Department of Otorhino-
laryngology and Head and Neck Surgery in the period of 
2001–2007. A subset of 45 TC patients have been tested for 
the presence of active viral infection by mucosal alpha-PV 
types as well as for the expression of p16 and p53 proteins in 
our previous study [5]. Here, their samples were additionally 
tested for the presence of skin PV types. Th e patients with 
tumour-free tonsils suff ered from chronic tonsillitis, periton-
sillar abscess, or sleep apnoea syndrome and were admitted 
for tonsillectomy. Th e study received offi  cial institutional and 
ethical approval from the participating institutions. Data on 
demographics, risk factors for oral cavity and oropharyngeal 
cancer, and risks related to HPV exposure were collected by 
a questionnaire. In some patients with tumour-free tonsils 
(92), only smoking status was known. Th e medical records 
and pathology reports were reviewed for each subject.

Tissue specimens. From oropharyngeal cancer (OPC) 
patients, tumour biopsy specimens were collected as 
described in detail previously [11]. From each paraffi  n block, 
the fi rst and last sections were histologically analysed to 
confi rm that the sections in between – assigned for the detec-
tion of viral nucleic acids and immunohistochemical (IHC) 
analysis – contained at least 10% of tumour cells in the entire 
volume of the sample. Carcinoma-free tonsillar tissue was 
fi xed in 10% neutral formalin and paraffi  n embedded, and 
sections were taken for histological, imunohistochemical, 
and molecular biological analysis. During sample processing, 
stringent precautions were taken to avoid cross-contamina-
tion between samples. Th e microtome was cleaned carefully, 
and the blade was replaced for the sectioning of each tissue.

In all tumour-free tonsillar tissues and 93 tonsillar carci-
noma tissues, simultaneous DNA and RNA extraction was 
performed from two 20 μm sections using the Ambion® 

RecoverAllTM Total Nucleic Acid Isolation Kit for FFPE 
Tissues according to the manufacturer’s protocol (Applied 
Bioscience, Austin, TX). Th e remaining 21 samples from 
patients with tonsillar carcinoma were available only for 
DNA extraction.

PCR. As an internal control, a 110 bp fragment of the 
human beta-globin gene was amplifi ed as described previ-
ously [26]. HPV DNA detection was performed by PCR 
with broad spectrum primers specifi c for the L1 region, and 
HPV typing was done by reverse line blot hybridization with 
probes specifi c for 37 types. All methods have been previ-
ously described in detail [27].

Tonsillar tissues were additionally analysed for HPV DNA 
by modifi ed nested PCR with two degenerated primer pairs: 
FAP59/64 in the fi rst step and FAP6085F/FAP6319R in the 
second step. Th ese PCR assays were designed to amplify 
conserved regions of the L1 gene with generated amplicon 
sizes of 480 bp in the fi rst PCR reaction and 235 bp in the 
second PCR reaction [28, 29]. Nucleotide DNA sequences 
of the FAP6085F/FAP6319R PCR products were determined 
using the ABI Big Dye Sequencing kit (Applied Biosystems, 
Foster City, CA). Th e sequencing was performed on an ABI 
PRISM 3500 automated DNA sequencer (Applied Biosys-
tems, Foster City, CA).

cDNA was prepared by reverse transcription of 1 μg of 
RNA initially treated with RNase-Free DNase (Promega, 
WI), followed by reverse transcription with M-MLV reverse 
transcriptase (Promega, WI). Th e absence of contaminating 
DNA was confi rmed by the absence of amplifi cation of the 
internal control (human beta-globin gene) on RNA treated 
with DNase.

PCR specifi c for HPV16 E6*I mRNA oncoprotein was 
performed on cDNA with primers that amplify an 86-nt 
fragment [30]. Th ese primers can distinguish between the 
splice form of HPV16 E6 mRNA with an 86-nt fragment and 
non-spliced contaminated DNA with 182 bp long fragments. 
For the detection of HPV52 and HPV58 E6 mRNA, we used 
the PCR assays with the primers described by Nakagawa 
[31]. Th e quality of cDNA was checked by control PCR with 
beta-globin primers.

Immunohistochemical analysis. IHC examination was 
performed on 2 μm sections of FFPE tissue with the following 
antibodies: p16INK4a (Purifi ed Mouse Anti-Human p16, 
Clone G175-405, BD PharmingenTM, dilution 1:100) and p53 
(Monoclonal Mouse Anti-Human p53 Protein, Clone DO-7, 
Dako, dilution 1:50). Th e intensity of staining (graded + to 
+++) and the proportion of cells stained (scored in percent-
ages) were evaluated. For p16 immunostaining, the location 
of the signal (cytoplasmic and/or nuclear) was also specifi ed. 
A semi-quantitative evaluation was performed. Th e sample 
positive for p16 expression had to show more than 70% of 
positive cells and reveal nuclear and/or cytoplasmic staining.

Statistical analysis. For contingency tables, the standard 
chi-square test and the Fisher exact test were used. Th e 
Kappa statistic was used to measure agreement for HPV 
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positivity status and p16 and p53 overexpression. All tests 
were two sided with a signifi cance level of a= 0.05. Th e Cox 
proportional hazards model was used for the analysis of 
disease specifi c survival (DSS) and overall survival (OS). Th e 
Akaike information criterion (AIC) was applied for model 
selection. Th e following demographic and clinical patholog-
ical factors were included: gender, age, education (12 years, 
>12 years), smoking status (non-smoker; smoker), alcohol 
status (non-drinker; drinker), tumour size (T=1+2; T=3+4), 
nodal status (negative N=0; positive N1–N3), tumour stage 
(I+II, III+IV), histological tumour grade (G=1; G>1), and 
HPV status (HPV DNA positive; p16 positive, positive for 
both HPV DNA and p16). Statistics were generated using 
the GraphPad InStat 3.00 soft ware (GraphPad Soft ware, San 
Diego, CA) and SAS 9.1 soft ware (SAS System for Windows. 
Version 8.2., Cary, NC:SAS Institute; 2001).

Results

Demographic and clinical pathological characteristics. 
In the two study groups, one with tumour-free tonsils and 
the other with tonsillar carcinoma, there were 81.6% men 
(93/114) and 18.4% women (21/114) (Table 1). Th e mean 
age was 55 years in the group with tumour-free tonsils and 
56 years in the group of cancer patients. Th e demographic 

characteristics of the study subjects are summarized in 
Table 1. Th e majority of controls (71.7%; 66/92) were 
non-smokers. In the group of patients with tonsillar carci-
noma, 62.3% (71/114) were non-smokers, but most patients 
(74.6%; 85/114) drank alcohol. Th e cancer patients had 
more frequently smaller tumours (T1 + 2 vs T3 + 4; 79.0% 
and 21.0%, respectively). HPV DNA-positive lymph nodes 
were found in the majority of cases (N0 vs N1–3, 24.6% 
and 75.4%). Th e tumours had higher tumour stages (I, II vs 
III, IV, 23.7% and 76.3%, respectively) and were also more 
commonly well and moderately diff erentiated (G1 + 2 vs G3, 
61.1% and 38.9%, respectively).

HPV DNA detection. Out of 114 patients with tumour-
free tonsils, 3.5% (4/114) were HPV DNA positive. 
HR-HPV16 and HPV58 from the alpha-PV 9 group were 
found in one tonsil each, and in two additional tonsils, 
low-risk (LR) HPV17 and HPV111 from the beta-PV 2 group 
were revealed again in one tonsil each. Th e two HR-HPV 
types were detected by PCR with primers BSGP5+/6+bio and 
reverse line blot hybridization; therefore, multiple infections 
could be ruled out, while the beta-PVs were detected by PCR 
with FAP primers and sequencing, which only allows the 
detection of the most prevalent type in the sample. 

Of 114 patients with tonsillar tumours, 67.5% (77/114) 
were positive for HR-HPV. HPV16 was the most common 

Table 1. Demographic and clinical characteristics of study subjects.

Characteristics
Total HR HPV+ cases HR HPV- cases OR

p-value
N (%) N (%) N (%) (95% CI)

Patients with tumour-free tonsils Age ≤55 63 (55.3) 1 (1.6) 62 (98.4) 0.806 (0.049-13.2) 1.0
>55 51 (44.7) 1 (2.0) 50 (98.0)

Gender Female 21 (18.4) 0 (0.0) 21 (100.0) 0.851 (0.039-18.4) 1.0
Male 93 (81.6) 2 (2.1) 91 (97.9)

Smoking statusa Smoker 66 (71.3) 0 (0.0) 66 (100.0) 0.453(0.187-1.09) 0.3093
  Non-smoker 26 (28.3) 2 (7.7) 24 (92.3)    

Patients with tonsillar carcinoma Age ≤55 51 (44.7) 29 (56.9) 22 (43.1) 0.412 (0.185-0.912) 0.436
>55 63 (55.3) 48 (76.2) 15 (23.8)

Gender Female 21 (18.4) 17 (80.9) 4 (19.1) 2.34 (0.726-7.527) 0.199
Male 93 (81.6) 60(65.5) 33 (35.5)

Education ≤12 70 (63.1) 45 (64.3) 25 (35.7) 0.660(0.283-1.539) 0.403
>12 41 (36.9) 30 (73.2) 11 (26.8)

Tobacco status No 71 (62.3) 57 (80.3) 14 (19.7) 4.682(2.027-10.82) 0.0004*
Yes 43 (37.7) 20(46.5) 23 (53.5)

Alcohol status Non-drinker 29 (25.4) 24 (82.8) 5 (17.2) 2.898 (1.005-8.356) 0.065
Drinker 85 (74.6) 53 (62.4) 32 (37.6)

Tumour size T1+T2 90 (79.0) 62 (68.9) 26 (28.8) 1.431 (0.556-3.681) 0.466
T3+T4 24 (21.0) 15 (62.5) 9 (37.5)

Nodal status N0 28 (24.6) 14 (50.0) 14 (50.0) 0.365 (0.151-0.882) 0.0353*
N1-N3 86 (75.4) 63 (73.3) 23 (26.7)

Stage I+II 27 (23.7) 13 (48.1) 14 (51.9) 0.334 (0.137-0.815) 0.0188*
III+IV 87 (76.3) 64 (73.6) 23 (26.4)

Grade G1 + G2 69 (61.1) 42 (60.9) 27 (39.1) 0.400 (0.166-0.962) 0.0412*
  G3 44 (38.9) 35 (79.5) 9 (20.5)    

* statistically signifi cant p<0.05;a Th e smoking status was not known in 22 patients with tumour-free tonsils
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A good correlation of the positivity of direct and indirect 
markers in tonsillar tumors was found for HPV16 mRNA 
presence and p16 overexpression (k=0.79), but no correla-
tion was observed for HPV16 mRNA and p53 expression 
(k=–0.30). A good correlation was also established between 
HR-HPV DNA positivity and p16 presence (k=0.72), but 
no correlation was evident between HR-HPVDNA and p53 
detection (k=–0.26).

Th e expression of p16 and p53 was negative in 100% 
(114/114) of the tumour-free tonsillar tissues, including 
those positive for HR-HPVs (Table 2).

Survival of patients with tonsillar tumours. Th e overall 
as well as the disease-specifi c survival rates of patients with an 
active HPV infection (HPV DNA positive and p16 positive) 
were signifi cantly higher than those of HPV DNA-negative 
patients or patients positive for either HPV DNA or p16 
expression alone (OS p=0.001; DSS p=0.009). Additionally, 
the presence of regional lymph node metastasis and smoking 
negatively infl uenced the patients’ survival (lymph nodes 
positivity OS p=0.002; DSS p=0.047; smoking OS p=0.033; 
DSS p=0.048, Figure 1).

Discussion

Th e palatine tonsils are secondary lymphoid organs 
containing epithelial squamous cells and lymphoid and 
plasma cells. Tonsillar carcinoma which is strongly associ-
ated with HR-HPV infection originates primarily from the 

type, detected in 94.8% of HPV-positive samples (73/77). 
Additionally, HPV types 18, 26, 52, and 58 were found in 
one sample each (1.3%, Table 2). FAP PCR did not detect any 
additional HPV type in the tonsillar cancer tissues.

Demographic and clinical pathological characteristics 
of subjects with HPV-positive and HPV-negative tissues. 
In subjects with tumour-free tonsillar tissues, no statistical 
diff erence in smoking status and age was observed between 
HPV-positive and HPV-negative patients (p=0.3093 and 
p=1, respectively, Table 1).

Th ere was no statistically signifi cant diff erence between 
HPV-positive and HPV-negative TC patients in their age, 
gender, or education level. However, TC patients with 
HPV-positive and HPV-negative tumours diff ered signifi -
cantly in smoking status, with the former being more oft en 
non-smokers (p=0.0004), while no diff erence was observed 
for alcohol status.

Additionally, no diff erence in tumour size was found 
between HPV-positive and HPV-negative TC patients. 
Regional lymph node metastasis was signifi cantly more 
frequent in HR-HPV-positive patients (p=0.0353), and, 
consequently, the HPV-positive tumours were of higher 
stage (III and IV vs. I and II) (p=0.0188). HPV-positive 
tumours were more oft en of higher grade (G1 and G2 vs G3) 
(p=0.0412).

Detection of markers of active viral infection. Ninety-
three tonsillar carcinoma samples were available for RNA 
extraction. Two samples yielded no control beta-globin 
amplicon and were excluded from further analyses. Fift y-
three (86.9%) of 61 HPV16 DNA-positive tonsillar carci-
noma samples were also HPV16 mRNA positive (Table 2). 
In any of 24 HPV16 DNA-negative samples, no HPV16 E6 
mRNA was present. One sample positive for HR-HPV52 and 
another one positive for HR-HPV58 were available for mRNA 
testing. In these samples, no HPV E6 mRNA expression was 
detected. Tonsillar carcinoma samples positive for HPV18 
and HPV26 DNA were not available for RNA expression 
analysis. In tumour-free tonsillar samples positive for HPV16 
and HPV58 DNA, no HPV E6 mRNA transcript was found.

Overexpression of p16 was detected in 65.8% (75/114) 
of tonsillar tumours, whereas p53 was expressed in 22.1% 
(25/113) of such tumours. Th e status of p53 expression was 
not known for one sample. Th e p16 protein was expressed in 
all but eight (89.6%) of HR-HPV DNA-positive TCs, six of 
which were HPV16 DNA positive. In the HR-HPV26 and 18 
positive TCs, the p16 protein was overexpressed, in contrast 
to HR-HPV52 and 58 positive samples where no p16 expres-
sion was observed. In the HPV16 mRNA positive tonsillar 
cancer samples, p16 overexpression was found signifi cantly 
more oft en than in mRNA-negative HPV16 DNA-positive 
samples (p=0.0136). Eight HPV DNA-positive cases (10.5%, 
8/77) were positive for p53 expression, and four of them 
simultaneously expressed p16 protein, whereas 45.9% 
(17/37) HPV DNA-negative cases expressed p53, and only 
two did so along with p16 protein. 

Table 2. HPV types, HR-HPV mRNA positivity, p16 and p53 overexpres-
sion in tonsillar tumours and tumour-free tonsillar tissues.

Characteristics

Patients with 
tonsillar 

carcinoma

Patients with 
tumour-free 

tonsils
+/N(%) +/N(%)

HPV 77/114 (67.5) 4/114 (3.5)
HR-HPV 77/114 (67.5) 2/114 (1.8)

HPV16 (α9) 73/114 (64.0) 1/114 (0.9)
HPV18 (α7) 1/114 (0.9)
HPV26 (α5) 1/114 (0.9)
HPV52 (α9) 1/114 (0.9)
HPV58 (α9) 1/114 (0.9) 1/114 (0.9)

LR-HPV 2/114 (1.8)
HPV17 (β2) 1/114 (0.9)
HPV111 (β2) 1/114 (0.9)

HPV16 E6 mRNA 53/61a (86.9) 0/1 a (0)
HPV52/58 E6 mRNA 0/2 b (0) 0/1 b (0)
p16+ 75/114 (65.8) 0/114 (0)
p53 25/113 (22.1) 0/114 (0)
HR-HPV/p16+ 69/114 (60.5)
HR-HPV/p53 8/113 (7.1)
HR-HPV mRNA 53/91c (58.2)

a number of HPV16 DNA-positive samples
b number of HPV52 or 58 DNA-positive samples
c number of TC samples with available RNA



282 M. SALAKOVA, E. KOSLABOVA, M. GREGA, J. SMAHELOVA, J. KLOZAR, O. VENCALEK, R. TACHEZY

Figure 1. A/ Overall survival by HPV status, positivity of lymph nodes in smokers and non-smokers; B/ Disease-specifi c survival by HPV status, posi-
tivity of lymph nodes in smokers and non-smokers. Survival curves according to the Cox model.
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reticulated epithelial cells of the tonsillar crypts [32]. HPV 
was detected in 65% of tonsillar carcinoma patients in the 
Czech Republic between 2001 and 2007 [5]. During this 
period, the incidence of TC increased by 41% according to 
the Czech National Oncology Registry. Th e proportion of 
HPV-associated tonsillar carcinomas is on the rise due to 
the increasing prevalence of sexually transmitted HPV infec-
tion caused by changes in human sexual behaviour [33]. It 
would be therefore very desirable to be able to identify the 
individuals at risk. Several studies including ours have shown 
that good correlation of the presence of HR-HPVs in tumour 
tissues and oral rinses suggests the presence of the virus in 
cells shed from the lesions [9, 34, 10]. However, there is a 
lack of evidence that the tumours of tonsils are preceded 
by the gradual development of precancerous lesions. In a 
limited number of studies, no precancerous lesions have 
been detected in healthy subjects despite HPV presence in 
oral rinses [6].

Th e prevalence of HPV in tonsillar carcinoma in our 
study was 67.5%, which is in agreement with our previous 
data [5] as well as with other studies (reviewed in [35]). Only 
HR alpha-PV types were detected in our tumour samples. 
Th e most common type was HPV16. Other HPV types were 
found only rarely. No beta-PV type was revealed by FAP 
nested PCR in our study. Other studies have also failed to 
detect LR alpha-PV or beta-PV types in the tumour tissues 
[36, 15, 22]. However, using a highly sensitive type-specifi c 
bead-based multiplex genotyping assay [37–39], we have 
recently observed high prevalence rates of beta-PV types 
in oropharyngeal and oral tumours (45.7% and 55.2%, 
respectively) [14]. Th e two groups of HPV-negative and 
HPV-positive TC patients in our study were similar in terms 
of most demographic characteristics; however, there was a 
higher proportion of smokers in the group of HPV-negative 
patients with tonsillar carcinoma. Th is observation is in line 
with our previous results [5, 11]. Th e overall and the disease-
specifi c survival analysis of the entire cohort showed that HPV 
positivity of the tumour is the strongest predictor of survival 
in TC. Interestingly, smoking negatively infl uences survival in 
both the HPV-positive and HPV-negative groups of patients.

Unlike tonsillar cancer samples, tumour-free tonsillar 
tissues exhibited a very low HPV prevalence of 3.5%. In two 
samples of tumour-free tonsils only, we detected HR-HPV 
types 16 and 58, and two samples were positive for beta-PV 
types 17 and 111 using the FAP PCR system. So far, few small 
studies have found HR-HPVs in archived paraffi  n-embedded 
palatine tonsillar tissues. Th e positivity rates for HR-HPV 
types in these studies varied from 0% to 8.5% [19–23]. Th e 
HR-HPV-positive healthy tonsils were most frequently 
detected in children and adults under 25 years of age. Our 
tumour-free population was older (age matched to patients 
with TC), and the HPV prevalence was low. A recent large 
population-based study from the UK has found no HR-HPV-
positive tonsils in the population [24], while LR-HPVs have 
been detected in 0–2% [20, 22].

Th e PCR FAP system detects a broader spectrum of HPV 
types, preferentially beta- and gamma-PV types. HPVs of the 
beta papillomavirus genus are oft en detected in skin cancers 
among patients with epidermodysplasia verruciformis, 
but are also ubiquitously present on the skin of healthy 
subjects. Beta-PV types are widespread in the oral cavity of 
HIV-positive patients and healthy subjects [12, 13], but no 
direct proof of association of beta-PVs with the pathology 
in the oral region has been found so far. However, in recent 
studies, HPV5, HPV 122, and gamma-11- and gamma-
12-HPV have been found signifi cantly associated with head 
and neck tumours [40, 14]. Additionally, Viarisio et al. 
[41] have highlighted some functional similarities between 
mucosal HR HPV types such as HPV16 and beta-3 HPV49. 
Beta-3 HPV types appear to be more abundant in the nasal 
cavity than on the skin.

Th e detection of HPV DNA itself is not suffi  cient to prove 
a causal association of HPV with the tumour. Th e detection 
of HPV E6 and/or E7 mRNA, the direct marker of an active 
HPV infection, may diff erentiate between the potentially 
oncogenic active infection and a transitory one [42]. Th e 
majority (84%) of the HPV16 DNA-positive tonsillar carci-
noma samples in our study harboured viral E6 mRNA. In our 
previous studies, we have detected HPV16 E6 mRNA in 94% 
and 87% of the HPV16 DNA-positive samples of tonsillar 
tumours in a small specimen set (N=45) and a larger one 
(N=186), respectively [5, 43]. Th e other HR-HPV-positive 
tonsillar cancers did not express viral E6 transcripts. Th e 
absence of mRNA in non-HPV16 HR-HPV-positive tonsillar 
carcinomas raises the question of the role of these HR-HPV 
types in OPC carcinogenesis. However, in cervical carcinoma 
tissues harbouring other HR-HPV types, viral transcripts 
specifi c for the respective HPV types have been found in all 
samples tested [44].

Moreover, no HR-HPV E6 mRNA was detected in our 
HR-HPV DNA-positive tumour-free samples. It implies that 
the infection is also transcriptionally silent. Th is conclu-
sion is further supported by the absence of expression of the 
indirect marker of active viral infection – p16 protein.

Even if E6/E7 mRNA detection is accepted as the gold-
standard test to prove the causal association of HR-HPV 
with the cancer, it is important to mention that this method 
is not suitable for use in routine practice because of the risk 
of RNA degradation. Th erefore, other indirect markers of 
active HPV infection were tested. Th e use of immunohisto-
chemical techniques to detect p16 followed by HPV DNA 
detection is accepted as a very reliable indirect approach to 
elucidate the transforming activity of HPV in oropharyn-
geal cancer [45]. However, p16 overexpression has also been 
detected in a proportion of non-transformed cells of the 
tonsillar crypt epithelium [32, 25]. Secondly, p16 overex-
pression does not occur exclusively in HPV-induced OPCs 
but also in a small proportion of HPV-negative head and 
neck squamous cell carcinomas (HNSCCs). In this study, 
90% of HR-HPV DNA-positive tonsillar carcinomas but 
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also 14% of HR-HPV-negative tumours turned out to be 
positive for p16 protein. No p16 was detected in tumour-
free tonsillar tissues. HPV52 and HPV58 DNA-positive TC 
tissues with no E6 mRNA expression also failed to show 
p16 overexpression. One study has reported mRNA detec-
tion in one TC positive for HPV58. Th e sample has been 
positive for both E6 mRNA and overexpression of cellular 
protein p16 [46]. We further assessed the p53 protein which 
should be expressed more oft en in HPV-negative tumours. 
As in our previous studies and those of others, the speci-
fi city and sensitivity of this marker for the evaluation of 
the non-HPV-associated tonsillar tumours was very low [5, 
11]. Th is can be explained by the fact that the IHC analysis 
does not precisely refl ect the p53 gene mutational status 
[47]. None of the tumour-free tissues was positive for p53 
expression.

In our previous studies, the combination of serological 
detection of HPV-specifi c antibodies and HPV DNA in oral 
rinses had a high sensitivity and specifi city for the selec-
tion of patients with HPV-associated tumours [5]. Since 
our present results and those of others do not suggest that 
the detection of direct and indirect markers of HPV infec-
tion would properly select individuals at risk of TC, serology 
might be the method of choice for the screening of OPC, 
because HPV-specifi c antibodies were detected long before 
the diagnosis of OPC [17].

In conclusion, our data provide further evidence of the 
etiological role of HR-HPV 16 in a substantial proportion of 
tonsillar tumours. Th e role of other HR-HPV types seems to 
be passive since we did not detect E6 mRNA and p16 protein 
expression in TCs positive for these HPV types. In tumour-
free tonsillar tissues, the presence of HR-HPV types was rare 
and silent as evidenced by both direct and indirect markers 
of HPV infection. Our fi ndings support the results reported 
by others and additionally show that active HPV infection in 
tumour-free tissues is even rarer. Th erefore, the screening to 
identify persons at risk of TC will probably have to be based 
on multiple approaches.
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