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Abstract

Background: Human papillomavirus (HPV), especially HPV16, is associated with the development of both cervical and
tonsillar cancer and intratype variants in the amino acid sequence of the HPV16 E6 oncoprotein have been demonstrated to
be associated with viral persistence and cancer lesions. For this reason the presence of HPV16 E6 variants in tonsillar
squamous cell carcinoma (TSCC) in cervical cancer (CC), as well as in cervical samples (CS), were explored.

Methods: HPV16 E6 was sequenced in 108 TSCC and 52 CC samples from patients diagnosed 2000–2008 in the County of
Stockholm, and in 51 CS from young women attending a youth health center in Stockholm.

Results: The rare E6 variant R10G was relatively frequent (19%) in TSCC, absent in CC and infrequent (4%) in CS, while the
well-known L83V variant was common in TSCC (40%), CC (31%), and CS (29%). The difference for R10G was significant
between TSCC and CC (p = 0.0003), as well as between TSCC and CS (p = 0.009). The HPV16 European phylogenetic lineage
and its derivatives dominated in all samples (.90%).

Conclusion: The relatively high frequency of the R10G variant in TSCC, as compared to what has been found in CC both in
the present study as well as in several other studies in different countries, may indicate a difference between TSCC and CC
with regard to tumor induction and development. Alternatively, there could be differences with regard to the oral and
cervical prevalence of this variant that need to be explored further.
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Introduction

Infection with high-risk (HR) human papillomaviruses (HPV)

has since the beginning of 1980s been recognized to cause the

development of cervical cancer and more recently also oropha-

ryngeal cancer [1,2]. Among oropharyngeal cancers mainly

tonsillar and base of tongue cancers are associated with HPV.

Notably, the incidence of HPV positive oropharyngeal cancer has

increased during the last decades, both in Europe and the US [3–

5]. According to Swedish Cancer Registry, in Sweden, presently

over 400 new cases of cervical cancer and around 200 cases of

tonsillar cancer are diagnosed every year.

All HPV types known to be associated with oropharyngeal

cancer are also linked to cervical cancer and HPV16 dominates in

both, causing 50–60% of all HPV positive cervical cancer and

roughly 90% of all HPV positive tonsillar cancer. In addition,

while the HPV genome is mostly integrated in cervical cancer, it is

often episomal in tonsillar cancer [6]. This indicates that, although

there are many similarities between these two tumor types there

could also be differences, both with regard to the potential of

HPV16 to cause tumor development, and to the way different

HPV types cause tumors.

Variants of the HPV16 genome in cervical cancer, in pre-stages

of cervical cancer, and in cervical samples from different

geographical areas have been studied extensively and HPV has

been classified into phylogenetic lineages as European (E), Asian

(As), Asian-American (AA), African-1 and -2 (Af-1 and Af-2), and

North American1 (NA1) [7–11].

The major transforming proteins of HPV16, E6 and E7, target

p53 and Rb respectively, inhibit apoptosis and promote prolifer-

ation and therefore most studies on HPV16 variants have focused

on E6 and E7 in addition to the studies of the non-coding control

region (NCCR). Variants have been shown to often differ in E6

and NCCR, while the E7 protein is often more conserved [12,13].

In addition, to the major variant lineages, variants with single

nucleotide alterations are frequently found, especially in tumors.

The most frequent of these mutations is the T to G transition at nt

350 in E6, abbreviated as E-T350G, causing an amino acid
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change from leucine to valanine at a.a. 83 (L83V). Several studies

on the L83V variant have demonstrated an association with viral

persistence and cancer progression of cervical carcinoma, although

some later studies have failed to confirm this association [14–17].

Other variants have also been linked to properties important for

tumor development such as e.g. those with the ability to inhibit

p53 transactivation [18].

While many studies on HPV16 variants have been performed in

cervical cancer, very few studies of this kind have been made in

head neck cancer [19,20]. The purpose of this study was to

therefore to examine if there were any differences in occurrence

and frequency of HPV16 E6 variants between tonsillar cancer and

cervical cancer. For this reason the prevalence of HPV16 E6

sequences were compared in cervical and tonsillar cancer samples

from patients diagnosed during the same time frame in the County

of Stockholm, Sweden. In addition, to compare the data obtained

from these tumors with the frequencies of HPV16 variants in

healthy persons, HPV16 E6 was also analyzed in cervical samples

from healthy young women at a youth clinic in Stockholm.

Results

HPV16 E6 variants at amino acid R10G and L83V
Fifty-five HPV16 positive TSSC, 52 CC and 51 CS were

analyzed with regard to HPV16 E6 sequence, Table S1. The most

remarkable difference between TSCC and CC was found with

regard to the frequencies of the E-A131G variant causing a change

from arginine to glycine in a.a. 10 (R10G). This mutation was

present in 22% (12/55) of TSCC, while completely lacking in the

CC samples and only present in 4% (2/51) of cervical samples.

This difference was significant both between TSCC and CC

(p = 0.0003) as well as between TSCC and CS (p = 0.009).

The E-T350G variant was the most common one among all the

three groups of samples. This variant, causing a shift from leucine

to valine in aa 83 (L83V), was especially common in TSCC (45%)

followed by CC (31%) and CS (29%) respectively.

Validation of R10G and L83V frequencies in further TSCC
samples

To further validate the increased frequencies of R10G and

L83V mutations in TSCC, 53 additional TSCC samples, from

patients diagnosed at the same hospital during the same period,

were evaluated only for the R10G and L83V mutations. Among

these 53 samples 17% (9/53) carried the R10G and 34% (18/53)

the L83V mutation. When all the 108 samples were summarized

19% had R10G and 40% the L83V mutation. The majority (12/

21) of the E6 from TSCC harboring R10G also contained L83V.

No significant difference was observed between the originally

selected 55 TSCC and the extended TCCS group with regard to

these two mutations.

Frequency of other variants
Mutations at other sites were less common for all types of

samples, and only 19/28 of these affected the amino acid

sequence. The most common were Q14H and H78Y, both

present in 4% of CC and CS, while 7% of TSCC had Q14H and

H78Y. In addition, two cervical cancer samples had 27 bp repeats

between nt 528 and 554.

Distribution of different phylogenetic lineages
As detailed in Table S1, the HPV16 E6 European prototype

was found in 38% of TSCC, 65% of CC and 59% of CS.

However, when samples with the European type containing minor

nucleotide differences (including R10G and L83V) were included,

these figures increased to 93, 94 and 96% respectively. As also

shown in the Table S1 other types, African-1 and 2, East Asian.

Asian American and North American were only found in few

samples.

Correlation of HPV16 E6 variants in tonsillar cancer with
clinical parameters

The TSCC samples were compared with regard to patient and

tumor characteristics based on the presence of R10G, L83V or

absence of these variants as presented in Table 1. There were

however no significant differences for any of these parameters,

although there was a tendency for tumors with R10G to have a

lower T stage.

The presence of the R10G or L83V variants in tonsillar cancer

was analyzed in correlation to the 3-year disease-free survival

(DSF) of the patients. However, no significant correlation was

found when DSF was compared between patients with presence or

absence of the R10G variant or between patients with presence or

absence of the L83V variant (data not shown).

Discussion

In the present study, we have analyzed and compared the

frequency of different HPV16 E6 variants in TSCC, CC and CS,

all obtained from the Stockholm area during the same time period.

We found that HPV16 R10G was relatively common in TSCC,

absent in CC and rare in CS. The HPV 16 European lineage was

dominating and the L83V variant was very common in all three

categories of samples.

The fact that the otherwise rare HPV16 E6 variant R10G was

observed in TSCC, but not in CC in patients diagnosed at the

same time period from the same hospital is striking. This variant

has to our knowledge always been rare, although observed in CC

in some other studies [11,13,18]. Though the time from HPV

infection to the development of tonsillar cancer is unknown it is

likely similar between cervical and tonsillar cancer, since the

median age of the patients is comparable. Thus, it is reasonable to

assume that the patients in this study with cervical and tonsillar

cancer were most likely infected with HPV16 during approx-

imately the same period. The reason for the high frequency of

R10G variant in TSCC from Stockholm, as compared to CC from

both Stockholm and other areas, is unknown. One possibility is

that this HPV16 variant for some reason was/is more common in

the oral as compared to the genital area. Further studies on

HPV16 obtained from oral samples are needed to explore this

possibility. Another possibility could be that this variant of HPV16

has a higher propensity to cause TSCC. Notably, although the

majority of patients with TSCC were men, and only women have

CC, there were no sex-related differences in the relative

frequencies of R10G in TSCC. The collected data indicate that

virtually all patients carrying the R10G variant had Sweden as

their country of origin, however we do not have information if

they have moved to Stockholm from other parts of Sweden.

It is well established that HPV16 E6 together with E6AP (E6-

associated protein) forms a complex that specifically targets p53

and mediate p53 degradation, which is essential for tumorigenesis

[21,22]. Several studies have been performed on the R10G variant

in cervical cancers. The R10G mutation is in the N-terminal end,

important for p53 binding and degradation, and it has also been

shown to result in a modified B/T cell epitope [13,23,24]. It has

been demonstrated that both E6 with R10G and L83V retain the

ability to abrogate growth arrest, and strongly reduce the steady

state levels of p53 [25]. However, while E6 with R10G has a

decreased binding to E6BP (E6-binding protein) and reduced
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ability to induce Bax degradation, E6 with L83V E6 has an

increased binding to E6BP and retained ability to induce Bax

degradation compared to prototype HPV16 E6 [18]. E6 with both

the R10G and L83 alteration, which 9/12 TSCC had in this

study, behaved similar to the prototype [18]. In addition, the

R10G site has also been reported to be essential for nuclear

localization signal [26]. Thus, several different features of the

R10G site may influence cancer progression, even though it is

unclear to what degree. In the present study no significant

difference was observed with regard to the 3-year disease-free

survival among the patients with TSCC carrying or not carrying

HPV16 E6 R10G variant. This argues against the possibility that

this variant would cause more aggressively growing TSCC.

Other variants of HPV16 E6, especially L83V, differ geograph-

ically and may affect the pathological risk [27]. In this study, L83V

was the most common variant in all types of material, which is in

line with many other observations both in the genital and head

and neck region [16,19,20,28,29]. Here, a higher prevalence of

L83V was found in TSCC compared to CC and CS, while the

prevalence in the latter categories were roughly in agreement with

previous reports[12,14,29–31]. There are however several studies

demonstrating an association between L83V and increased virus

persistence, and risk of cervical neoplasia and cancer progression

[28,32]. Furthermore, studies on HPV16 E6 variants and the

cellular immune response indicate specific changes, that from a

host-virus immunology point of view may explain a modified

oncogenic potential [33–35]. Noteworthy, we did not find any

significant correlation between the presence or absence of the

L83V variant and the 3-year disease free survival of the patients.

It is noteworthy that the European HPV16 variant clearly has

about the same very high frequency in CS from young women,

obtained 2009–2010, as in CC samples. With the increase in

travelling during the last decades an increase in HPV16 variants

from other geographical areas would not have been unexpected,

but no such increase was observed.

A limitation in the present study is the number of analyzed

samples. Nevertheless, the 108 TSCC analyzed constitute

approximately 65% of all patients from the County of Stockholm

with HPV16 positive TSCC diagnosed during this time frame and

where biopsies were available [1,36]. Another limitation is that

only the E6 region was analyzed. Thus, if there were any

differences in the NCCR, E7 or E5 regions between the TSCC

and CC samples, these would have been missed.

In this study we found a significant difference in the distribution

of HPV16 variants between TSCC and CC samples from patients

admitted to the same hospital during the specific time period.

More specifically, the rare R10G variant was significantly more

common in TSCC than in CC, and was frequently in combination

with the L83V variant in the former tumors. Further studies are

needed to investigate if the R10G variant may be more common

in oral as compared to cervical samples. In addition, there was

relative concordance between the presence of variants in CC and

CS.

Materials and Methods

Ethics statement
The study was approved by the Ethical Committee at

Karolinska Institutet, Stockholm, Sweden, according to the ethical

permissions 2005/431-31/4, 2005/1330-32, 2008/870-31/4,

2008/813-31/2 and 2009/1278-31/4. Written informed consent

was obtained from all participants in the study.

Tumor and cervical samples material
Pre-treatment paraffin embedded tumour biopsies from patients

from the County of Stockholm, diagnosed 2000–2007, with

tonsillar squamous cell carcinoma (TSCC) or 2003–2008 with

cancer of the uterine cervix (CC). All tumor samples had

previously been analyzed for the presence and type of HPV

[1,36–38]. Among the 166 TSCC and 90 CC that were HPV16

positive, 55 TSCC and 52 CC were randomly selected. In the

second part of the study, for validation, 53 additional, randomly

selected, HPV16 positive TSCC from the same time frame were

included. A flow chart for the TSCC samples is presented in

Figure 1. In addition, 51 HPV16 positive cervical samples (CS),

from a previous study from 2009–2010 at a youth health center in

Stockholm [39] were randomly selected and analyzed. The mean

ages of the cancer patients were 59.7 y (median 59 y, range 30–

84 y) for TSCC patients and 50.3 y (median 45 y, range 25–88 y)

for CC patients while the mean age for the women at the youth

clinic was 19.9 y (median 20 y, range16–22 y).

Sequencing
DNA was extracted and analyzed for the presence of HPV and

HPV type as described in previous studies [1,37,39]. For the

analysis of HPV16 E6 from cancer tissues two primer pairs

covering the whole E6 region was utilized. 59- CCGGTTAGTA-

TAAAAGCAGACAT-39 together with 59-TGCTGTTCTA-

ATGTTGTTCC-39 amplifying bp 57–375 and 59- GGAATC-

CATATGCTGTATGT-39 together with 59- TGCAATG-

TAGGTGTATCTCC-39 amplifying bp 273–587. For cervical

samples one primer pair covering the whole of E6 was utilized; 59-

CCGGTTAGTATAAAAGCAGACAT-39 and 59-GTACC-

CTCTTCCCCATTGGT-39 amplifying bp 57–902. PCR was

performed with annealing temperature at 49uC and products were

purified using ExoSAP-IT (USB,VWR) according to the protocol

of the manufacturer. A PCR for sequencing was performed on the

purified products with Big DyeTM terminator (Applied biosystems)

and the amplicons were analyzed in an Applied Biosystems 3130

sequencer. Both DNA strands were sequenced and the DNA

sequence and corresponding amino acid sequence was compared

with the reference European HPV16 sequence (reference code:

NC_001526.1) using the Sci-Ed software (Science and Educational

Figure 1. Flow chart showing the tumors from patients
diagnosed with TSCC in the County of Stockholm 2000–2007
and the TSCC selected for inclusion in the study.
doi:10.1371/journal.pone.0036239.g001
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Software, Durham, NC, USA). Three investigators (JD, CC and

MS) were involved in the analysis of the sequences. For cases

where the result obtained was unclear, the sequencing was

repeated.

Statistical analysis
Differences in frequencies of variants for TSCC and CC or CS

were evaluated by chi-square and Fischer’s exact test (two-tailed)

using on-line statistical analysis software (GraphPad Software).

Mean age was the age at the first diagnosis.

Disease-free survival (DFS) was defined as time from the date of

diagnosis to the date of the last known occasion that the patient

was disease-free, or the date of disease recurrence (local, regional

or distant recurrence). Death without documented recurrence was

censored at the date of death. Cumulative survival was calculated

with the Kaplan-Meier method and analyzed with the log-rank

test. Analysis of survival was performed in SPSS (IBM SPSS

Statistics, version 20).

Supporting Information

Table S1 The frequencies of different HPV16E6 variants in

cervical cancer (CC), tonsillar squamous cell carcinoma (TSCC)

and cervical samples (CS).

(DOC)
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Kerstin Johanssson at the youth clinic for help with collecting the samples.

Author Contributions

Conceived and designed the experiments: TR TD JD. Performed the

experiments: JD CN AN MS MR. Analyzed the data: JD CN MS TR.

Wrote the paper: JD TR TD.

References

1. Nasman A, Attner P, Hammarstedt L, Du J, Eriksson M, et al. (2009) Incidence

of human papillomavirus (HPV) positive tonsillar carcinoma in Stockholm,

Sweden: an epidemic of viral-induced carcinoma? Int J Cancer 125: 362–366.

2. Attner P, Du J, Nasman A, Hammarstedt L, Ramqvist T, et al. (2010) The role

of human papillomavirus in the increased incidence of base of tongue cancer.

Int J Cancer 126: 2879–2884.

3. Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, et al. (2011)

Human papillomavirus and rising oropharyngeal cancer incidence in the United

States. J Clin Oncol 29: 4294–4301.

4. Cleveland JL, Junger ML, Saraiya M, Markowitz LE, Dunne EF, et al. (2011)

The connection between human papillomavirus and oropharyngeal squamous

cell carcinomas in the United States: implications for dentistry. J Am Dent Assoc

142: 915–924.

5. Ramqvist T, Dalianis T (2011) An epidemic of oropharyngeal squamous cell

carcinoma (OSCC) due to human papillomavirus (HPV) infection and aspects of

treatment and prevention. Anticancer Res 31: 1515–1519.

6. Mellin H, Dahlgren L, Munck-Wikland E, Lindholm J, Rabbani H, et al. (2002)

Human papillomavirus type 16 is episomal and a high viral load may be

correlated to better prognosis in tonsillar cancer. Int J Cancer 102: 152–158.

7. Ho L, Chan SY, Chow V, Chong T, Tay SK, et al. (1991) Sequence variants of

human papillomavirus type 16 in clinical samples permit verification and

extension of epidemiological studies and construction of a phylogenetic tree.

J Clin Microbiol 29: 1765–1772.

8. Yamada T, Wheeler CM, Halpern AL, Stewart AC, Hildesheim A, et al. (1995)

Human papillomavirus type 16 variant lineages in United States populations

characterized by nucleotide sequence analysis of the E6, L2, and L1 coding

segments. J Virol 69: 7743–7753.

9. Yamada T, Manos MM, Peto J, Greer CE, Munoz N, et al. (1997) Human

papillomavirus type 16 sequence variation in cervical cancers: a worldwide

perspective. J Virol 71: 2463–2472.

10. Terai M, Fu L, Ma Z, Burk RD (2002) Cloning and sequencing of non-

European human papillomavirus (HPV) variant complete genomes from

cervicovaginal cells by an overlapping PCR method EMBL/GenBank/DDBJ

databases.

11. Huertas-Salgado A, Martin-Gamez DC, Moreno P, Murillo R, Bravo MM, et

al. (2011) E6 molecular variants of human papillomavirus (HPV) type 16: an

updated and unified criterion for clustering and nomenclature. Virology 410:

201–215.

12. Nindl I, Rindfleisch K, Lotz B, Schneider A, Durst M (1999) Uniform

distribution of HPV 16 E6 and E7 variants in patients with normal histology,

cervical intra-epithelial neoplasia and cervical cancer. Int J Cancer 82: 203–207.

13. Pillai MR, Hariharan R, Babu JM, Lakshmi S, Chiplunkar SV, et al. (2009)

Molecular variants of HPV-16 associated with cervical cancer in Indian

population. Int J Cancer 125: 91–103.

14. Berumen J, Ordonez RM, Lazcano E, Salmeron J, Galvan SC, et al. (2001)

Asian-American variants of human papillomavirus 16 and risk for cervical

cancer: a case-control study. J Natl Cancer Inst 93: 1325–1330.

15. Xi LF, Koutsky LA, Hildesheim A, Galloway DA, Wheeler CM, et al. (2007)

Risk for high-grade cervical intraepithelial neoplasia associated with variants of

human papillomavirus types 16 and 18. Cancer Epidemiol Biomarkers Prev 16:

4–10.

16. Zuna RE, Moore WE, Shanesmith RP, Dunn ST, Wang SS, et al. (2009)

Association of HPV16 E6 variants with diagnostic severity in cervical cytology

samples of 354 women in a US population. Int J Cancer 125: 2609–2613.

17. Richard C, Lanner C, Naryzhny SN, Sherman L, Lee H, et al. (2010) The

immortalizing and transforming ability of two common human papillomavirus

16 E6 variants with different prevalences in cervical cancer. Oncogene 29:
3435–3445.

18. Lichtig H, Algrisi M, Botzer LE, Abadi T, Verbitzky Y, et al. (2006) HPV16 E6
natural variants exhibit different activities in functional assays relevant to the

carcinogenic potential of E6. Virology 350: 216–227.

19. Gillison ML, Koch WM, Capone RB, Spafford M, Westra WH, et al. (2000)

Evidence for a causal association between human papillomavirus and a subset of

head and neck cancers. J Natl Cancer Inst 92: 709–720.

20. Boscolo-Rizzo P, Da Mosto MC, Fuson R, Frayle-Salamanca H, Trevisan R, et

al. (2009) HPV-16 E6 L83V variant in squamous cell carcinomas of the upper
aerodigestive tract. J Cancer Res Clin Oncol 135: 559–566.

21. Scheffner M, Huibregtse JM, Vierstra RD, Howley PM (1993) The HPV-16 E6
and E6-AP complex functions as a ubiquitin-protein ligase in the ubiquitination

of p53. Cell 75: 495–505.

22. Wise-Draper TM, Wells SI (2008) Papillomavirus E6 and E7 proteins and their

cellular targets. Front Biosci 13: 1003–1017.

23. Foster SA, Demers GW, Etscheid BG, Galloway DA (1994) The ability of

human papillomavirus E6 proteins to target p53 for degradation in vivo

correlates with their ability to abrogate actinomycin D-induced growth arrest.
J Virol 68: 5698–5705.

24. Ellis JR, Keating PJ, Baird J, Hounsell EF, Renouf DV, et al. (1995) The
association of an HPV16 oncogene variant with HLA-B7 has implications for

vaccine design in cervical cancer. Nat Med 1: 464–470.

25. Zehbe I, Lichtig H, Westerback A, Lambert PF, Tommasino M, et al. (2011)

Rare human papillomavirus 16 E6 variants reveal significant oncogenic
potential. Mol Cancer 10: 77.

26. Tao M, Kruhlak M, Xia S, Androphy E, Zheng ZM (2003) Signals that dictate
nuclear localization of human papillomavirus type 16 oncoprotein E6 in living

cells. J Virol 77: 13232–13247.

27. Bernard HU, Calleja-Macias IE, Dunn ST (2006) Genome variation of human
papillomavirus types: phylogenetic and medical implications. Int J Cancer 118:

1071–1076.

28. Zehbe I, Wilander E, Delius H, Tommasino M (1998) Human papillomavirus

16 E6 variants are more prevalent in invasive cervical carcinoma than the
prototype. Cancer Res 58: 829–833.

29. Hu X, Guo Z, Tianyun P, Ponten F, Wilander E, et al. (1999) HPV typing and
HPV16 E6-sequence variations in synchronous lesions of cervical squamous-cell

carcinoma from Swedish patients. Int J Cancer 83: 34–37.

30. Hu X, Pang T, Guo Z, Mazurenko N, Kisseljov F, et al. (2001) HPV16 E6 gene

variations in invasive cervical squamous cell carcinoma and cancer in situ from

Russian patients. Br J Cancer 84: 791–795.

31. Swan DC, Rajeevan M, Tortolero-Luna G, Follen M, Tucker RA, et al. (2005)

Human papillomavirus type 16 E2 and E6/E7 variants. Gynecol Oncol 96:
695–700.

32. Cai HB, Chen CC, Ding XH (2010) Human papillomavirus type 16 E6 gene
variations in Chinese population. Eur J Surg Oncol 36: 160–163.

33. Zehbe I, Tachezy R, Mytilineos J, Voglino G, Mikyskova I, et al. (2001) Human
papillomavirus 16 E6 polymorphisms in cervical lesions from different European

populations and their correlation with human leukocyte antigen class II

haplotypes. Int J Cancer 94: 711–716.

34. Matsumoto K, Yasugi T, Nakagawa S, Okubo M, Hirata R, et al. (2003)

Human papillomavirus type 16 E6 variants and HLA class II alleles among
Japanese women with cervical cancer. Int J Cancer 106: 919–922.

35. Zehbe I, Mytilineos J, Wikstrom I, Henriksen R, Edler L, et al. (2003)
Association between human papillomavirus 16 E6 variants and human leukocyte

antigen class I polymorphism in cervical cancer of Swedish women. Hum
Immunol 64: 538–542.

HPV16 E6 R10G Variant in Tonsillar Cancer

PLoS ONE | www.plosone.org 5 April 2012 | Volume 7 | Issue 4 | e36239



36. Attner P, Nasman A, Du J, Hammarstedt L, Ramqvist T, et al. (2011) Survival

in patients with human papillomavirus positive tonsillar cancer in relation to

treatment. Int J Cancer. In press.

37. Du J, Nasman A, Carlson JW, Ramqvist T, Dalianis T (2011) Prevalence of

Human Papillomavirus (HPV) types in cervical cancer 2003–2008 in Stockholm,

Sweden, before public HPV vaccination. Acta Oncol 50: 1215–1219.

38. Hammarstedt L, Dahlstrand H, Lindquist D, Onelov L, Ryott M, et al. (2007)

The incidence of tonsillar cancer in Sweden is increasing. Acta Otolaryngol 127:
988–992.

39. Ramqvist T, Du J, Lunden M, Ahrlund-Richter S, Ferreira J, et al. (2011) Pre-

vaccination prevalence of human papillomavirus types in the genital tract of 15–
23-year-old women attending a youth health clinic in Stockholm, Sweden.

Scand J Infect Dis 43: 115–121.

HPV16 E6 R10G Variant in Tonsillar Cancer

PLoS ONE | www.plosone.org 6 April 2012 | Volume 7 | Issue 4 | e36239


