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Oral cancer is the eleventh most 
common cancer worldwide. The 
highest incidence and mortality 
rates are registered in developing 

countries. Squamous cell carcinoma (SCC) is the 
most common type of oral cancer accounting for 
94% of all oral malignancies. In the United States, 
slightly more than 5,300 individuals die of this 
disease each year.1,2

We previously studied the expression of human 
papillomavirus (HPV) in leukoplakia (LP) and 
verrucous carcinoma (VC), which have similar 
clinical features but different therapeutic and 
prognostic perspective. In this study, we added oral 
squamous cell carcinoma (OSCC) as it is the most 
common cancer of the oral cavity. Therefore, by 
increasing the sample size and power of the study 
we obtained results that are more comprehensive for 
clinical purposes.3

Ackerman first described VC in 1948.4 It is the 
least invasive type of SCC and can be found in the 
oral cavity as well as other parts of the body. It is 
more commonly seen in men over 55 years old.1

According to the World Health Organization 
(WHO) definition, LP is a white plaque that is 
not pathologically or clinically related to any other 
lesion. Proliferative verrucous leukoplakia (PVL) 
is a specific type of LP with the highest malignant 
transformation rate. It is one of the differential 
diagnoses of VC.

Similarities in the clinical and histopathological 
manifestations of VC, PVL, and some types of 
SCC, especially papillary SCC, are observed. As the 
prognostic and therapeutic measures for these entities 
are different, differentiating them is important.1

Different etiological factors have been proposed 
for the development of the lesions mentioned. 
Among these factors, one of the most well known 
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A B S T R AC T
Objectives: Squamous cell carcinoma (SCC) is the most common oral malignancy, and 
verrucous carcinoma (VC) is a less invasive type of SCC. Leukoplakia (LP) is the most 
frequent premalignant lesion in the oral cavity. The human papillomavirus (HPV) has 
been recognized as one of the etiologic factors of these conditions. The association of 
anogenital and cervical cancers with HPV particularly its high-risk subtypes (HPV HR) 
has been demonstrated. The purpose of our study was to investigate the hypothetical 
association between HPV and the mentioned oral cavity lesions. Methods: One hundred 
and seventy-three samples (114 SCCs, 21 VCs, 20 LPs) and 18 normal mucosa samples (as 
a control group) were retrieved from the Department of Oral and Maxillofacial Pathology 
of Mashhad Dental School, Iran. The association of HPV genotypes in LP, VC, and SCC 
was compared to normal oral mucosa using the polymerase chain reaction. Results: The 
results showed the absence of HPV in normal mucosa and LP lesions. In three samples 
of VC (14.3%), we observed the presence of HPV HR (types 16 and 18). All VCs were 
present in the mandibular ridge of females aged over 65 years old. No statistically significant 
correlation between HPV and VC was observed (p=0.230). Additionally, 15 (13.1%) 
SCCs showed HPV positivity, but this was not significant (p=0.830). The prevalence of 
SCC was higher on the tongue with the dominant presence of less carcinogenic species 
of HPV (types 6 and 11). A statistically significant association was not observed between 
HPV and SCC or VC in the oral cavity. Conclusions: More studies are necessary to better 
understand the relationship between HPV and malignant/premalignant oral cavity lesions.
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is HPV.1 More than 130 HPV genotypes have 
been recognized which are divided into high risk 
(HPV HR) and low risk (HPV LR) based on their 
malignant transformation rate. HPV HR has been 
found in 81% of subjects with normal oral mucosa.1 
HPV is a double-stranded DNA virus belonging to 
the Papovavirus family. Despite multiple studies, 
there is no clear association between HPV and oral 
cancers. On the contrary, its association with uterine 
cervix and anogenital cancers has been established.1,5

Overexpression of some HPV genes such as 
E6 and E7 promote tumor growth and malignant 
transformation (especially in HR subtypes). Binding 
of E6 and E7 to tumor suppressor genes P53 and pRb 
results in disruption of the cell cycle and cellular 
immortality. HPV genotypes may also be found 
in the oral cavity as the normal flora of the human 
body.6-8

The association of HPV with head and neck 
cancers was first investigated in 1960.9 Loning first 
proposed the etiologic role of this virus in 1985,10 
but the available data regarding the role of HPV in 
malignant transformation is extremely controversial. 
The range of prevalence reported in different studies 
is 0% to 100%.6 There are various techniques to 
code the viral genome, including the polymerase 
chain reaction (PCR), in situ hybridization (ISH), 
and Southern blot (SB) analysis, with different 
sensitivities.6

Our study was accomplished to detect the 
existence of the HPV LR (types 6 and 11) and the 
HPV HR (types 16, 18, and 31) in the mentioned 
oral lesions, using PCR. The studied groups included 
LP as the most common premalignant lesion, SCC 
as the most common oral cavity cancer, VC as the 
least invasive form of SCC, and normal mucosa as a 
control group. Determining the association between 
HPV and malignant/premalignant lesions could be 
useful for understanding the etiology of these lesions 
and the potential treatment options.

M ET H O D S
In this retrospective case-control study, we analyzed 
paraffin-embedded biopsies of 155 patients with 
LP, SCC, and VC obtained from 2001 to 2011. 
The samples were retrieved from the Department 
of Oral and Maxillofacial Pathology of Mashhad 
Dental School, Iran. Diagnosis of LP, SCC, and 
VC was based on histological examination of 
hematoxylin and eosin stained tissue sections, which 
was performed blindly by two pathologists. Blocks 
with a sufficient amount of tissue (114 SCC, 21 VC, 
and 20 LP) were selected for the experiment.

For the control group, we used non-neoplastic, 
reactive lesions of connective tissue (like fibrotic 
lesions and mucoceles) with normal-appearing 
epithelium. In total, 18 control samples were collected 

Table 1: Sequences of beta globin region and HPV genotype-specific primers used in the PCR assays.

Target gene Sequence

GH20 F:GAAGAGCCAAGGACAGGTAC
PCO4 R:CAACTTCATCCACGTTCACC
GP5+ F:TTTGTTACTGTGGTAGATACTAC
GP6+ R:GAAAAATAAACTGTAAATCATATTC
MY09 F:CGTCCMARRGGAWACTGATC
MY11 R:GCMCAGGGWCATAAYAATGG
HPV 6 F:TAG TGG GCC TAT GGC TCGTC

R:TCC ATT AGC CTC CAC GGG TG
HPV 11 F:GGA ATA CAT GCG CCA TGT GG

R:CGA GCA GAC GTC CGT CCT CG
HPV 16- E6 F:CAG GAC CCA CAG GAG CGA CC

R:ATC GAC CGG TCC ACC GAC CC
HPV 18 –E6 F:GCT TTG AGG ATC CAA CAC GG

R:TGC AGC ACG AAT GGC ACT GG
HPV 31-E6/E7 F:GAA ATT GCA TGA ACT AAG CTC G

R:CAC ATA TAC CTT TGT TTG TCA A
W= A+T, R= A+G, Y= C+T, M= A+C.
HPV: human papillomavirus; PCR: polymerase chain reaction.
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which were mostly obtained from the mucosal area 
of the lower lip and cheek. To extract DNA and run 
PCR, paraffin blocks were sliced thinly under ideal 
conditions11 and placed in Eppendorf microtubes.

Xylene (Xylol), 1 ml, was added to the tubes 
to remove the paraffin wax. To digest the tissue we 
used 20 mmol Proteinase K. After separating the 
DNA strands, the temperature was raised to 95 ºC 
to annihilate Proteinase K from the samples. They 
were subsequently centrifuged, and the DNA in 
the sediment were lyophilized and dissolved in Tris 
and EDTA buffer solution and then kept at 4 ºC for 
PCR. It is worth mentioning that for a higher purity 
of the DNA phenol, buffered saturated, and phenol/
chloroform/isoamyl alcohol (at a ratio of 25:24:1) 
were also added.

The extracted DNA was analyzed by PCR for 
beta globulin genes using the GH20 and PCO4 
primers. The genes that were amplified with these 
primers selected and used to detect the presence of 
HPV using the MY09/MY11 and GP5+/GP6+ 
primers that were designed for L1 portion of HPV 
genome.12,13 The other primers [Table 1] were used 
for HPV genotyping (HPV 6, 11, 16, 18, and 31) as 
described previously.14

In total, a volume of 50 µl PCR mixture 
containing 200–700 ng of DNA, 10 mM Tris-Hcl 
(pH 8.3), 50 mM potassium chloride (KCl), 2.5 
mM magnesium chloride (MgCl2), one unit Taq 
DNA polymerase (Cinnagen, Iran), 0.2 mM of each 
dNTP, and 50 pmol of each primer were prepared 
in 0.2 ml microtubes. HeLa cells DNA and distilled 
water were used as template in positive and negative 
control tubes, respectively. Subsequently, the PCR 

amplified fragments were electrophoresed in 2% 
agarose gel and visualized using a DNA Green viewer 
dye (Pars Tous, Iran).

R E SU LTS
In our study, a total number 173 samples were 
included. Of these, 114 were SCCs, 21 were VCs, 20 
were LPs, and 18 were normal mucosal membranes. 
The SCC samples consisted of 58 male and 56 female 
subjects. Patients were aged from 19–85 years old. 
The average age was 58.6±15.4 years.

The VC group consisted of 10 male patients 
with an average age of 59.6±11 years and 11 female 
patients with an average age of 59.0±11.4 years. 
The LP group consisted of 15 male subjects and five 
female subjects with an average age of 61.6±15.6 
and 62.8±3.7 years, respectively. Of the 18 normal 
mucosa samples, seven were from male subjects 
and 11 from females (average age of 59.6±12.3 and 
55.5±13.7 years, respectively). The case and control 
group were adjusted for age and sex.

DNA extraction and PCR were performed to 
determine various HPV HR genomes (types 16, 18, 
and 31) and HPV LR (types 6 and 11) in the studied 
groups. In total, 18 cases (10.4%) were positive for 
HPV. All positive samples were VC and SCC.

Of 114 SCC samples, 15 (13.1%) were positive 
for HPV 6 and 11. The most common site of SCC 
was the tongue (64.9%). Anatomical distribution of 
SCC lesions and their HPV status are presented in 
Table 2.

Out of 99 HPV-negative patients, 50 patients 
(50.5%) were male. There were 15 HPV-positive 

Table 2: The anatomical distribution of SCC lesions and their HPV status.

Location (SCC) HPV

Negative Positive Total

Number Percentage Number Percentage Number Percentage

Tongue 64 64.6 10 66.7 74 64.9
Buccal mucosa 18 18.2 0 0.0 18 15.8
Mandibular ridge 9 9.1 3 20.0 12 10.5
Palate 2 2.0 0 0.0 2 1.8
Mouth floor 2 2.0 1 6.7 3 2.6
Lip 2 2.0 0 0.0 2 1.8
Nasopharynx 1 1.0 1 6.7 2 1.8
Oropharynx 1 1.0 0 0.0 1 0.9
Total 99 100.0 15 100.0 114 100.0

SCC: squamous cell carcinoma; HPV: human papillomavirus.
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patients, eight (53.3%) of which were male. The K-2 test 
was used to evaluate the association between sex and 
HPV positivity. No statistically significant difference 
was observed (X2=0.042; p=0.838) [Table 3].

Out of 99 HPV-negative patients, 64 (64.6%) had 
SCC of the tongue. Whereas this number was 10 out of 
15 (66.7%) in HPV-positive patients. According to the 
K-2 test no significant association between the lesion 
location and HPV infection was shown (X2=0.023; 
p=0.879). HPV positivity was detected in three 
patients with alveolar ridge SCC, one with mouth 
floor SCC, and one with nasopharyngeal SCC [Table 
2 and 4]. Common anatomical sites of VCs were the 
mandibular vestibule, lower lip-cheek mucosa, and the 
gingiva. LP was prevalent in the cheek mucosa, tongue, 
upper lip, and the mouth floor. Control samples were 
mostly obtained from lower lip and cheek mucosa.

A total of 15 SCC cases (13.3%) and three VC 
cases (14.3%) were positive for HPV. There was no 

statistically significant difference in the expression 
of HPV in the groups (p=0.830 for SCC and 
p=0.230 for VC). The Fisher’s exact test did not 
show any association between sex or age and HPV 
expression (p=0.138 and p=0.124, respectively). 
It is important to note that all three VC samples 
contained HPV HR (types 16 and 18). They were 
observed in female patients over 65 years old in 
the mandibular vestibule. Despite positive HPV 
expression in VC samples, there was no statistically 
significant difference between the VC and control 
group (p=0.230) [Table5].

D I S C U S S I O N
Oral cancer is one of the most frequent malignancies. 
SCC is the most common type of oral cancer 
accounting for 94% of all oral malignancies. The 
low-grade type of SCC is called the VC and is not 

Table 3: Gender distribution in HPV-positive patients with squamous cell carcinoma.

Gender HPV

Negative Positive Total

Number Percentage Number Percentage Number Percentage

Male 50 50.5 8 53.3 58 50.9
Female 49 49.5 7 46.7 56 49.1
Total 99 100 15 100.0 114 100.0

HPV: human papillomavirus.

Table 4: The relative anatomical distribution of lesion in patients with squamous cell carcinoma.

Lesion location HPV

Negative Positive Total

Number Percentage Number Percentage Number Percentage

Tongue 64 64.6 10 66.7 74 64.9

Oral cavity except tongue 35 35.4 5 33.3 40 35.1

Total 99 100.0 15 100.0 114 100.0

HPV: human papillomavirus.

Table 5: Distribution rate of HPV expression in LP, VC, and NM (control group).

Results Group

VC LP NM

Male Female Male Female Male Female

HPV+ 0 3 0 0 0 0

HPV- 8 10 14 5 8 10
Total 8 13 14 5 8 10

HPV: human papillomavirus; VC: verrucous carcinoma; LP: leukoplakia; NM: normal mucosa.
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exclusive to the oral cavity and can be seen in other 
parts of the body.1,15

The most frequent sites of SCC are the tongue 
and mouth floor. The buccal mucosa is the most 
common site for VC and has a higher prevalence 
in those over 55 years old.1 LP is known as the 
most common premalignant oral cavity lesion with 
histopathological features similar to VC.1

Among the multiple causes proposed as the 
etiology of VC, SCC, and LP,16,17 HPV has been the 
focus of various studies. HPV is a double-stranded 
epitheliotropic DNA virus. More than 100 types of 
HPV have been recognized, but only a few of them 
are active in the oral cavity (types 1, 2, 4, 6, 7, 11, 13, 
16, 18, 30, 32, 57).5 HPV types are classified either as 
high (types 16, 18, 31, 33, 39, 45, 51, 52, 54 and 56) 
or low risk (types 6, 11, 13, 16, 18, 30, 32 and 57).1,6,8

The role of HPV in the prognosis and 
carcinogenesis of anogenital cancer has been 
demonstrated. However, there is no clear evidence 
to support its carcinogenic effect in the oral cavity. 
Several studies have investigated the role of HPV in 
oral carcinogenesis over the last three decades.10,11 
Meta-analytic reviews have also been conducted 
to investigate the association between HPV and 
SCC.16,17 Using PCR and in situ hybridization (ISH) 
the data showed 22–28% association.

Multiple studies showed various expression of 
this virus in different geographical areas. Southern 
blot and PCR-ISH techniques demonstrated 19.2–
50.0% and 41.5–100.0% association, respectively. 
The DNA microarray technique did not show any 
association.18-21 In our study, 13.1% of all SCCs were 
positive for HPV, which shows lower association 
than meta-analysis and universal reviews.

We investigated the possible association of HPV 
with SCC and VC, as a less aggressive form of SCC. 
Both of these conditions are in the differential 
diagnosis of papillary SCC and LP, especially the 
PVL subtype.

HPV association with VC in this study was 
about 14.3% (p=0.230). This finding was also found 
in another study.22 Some studies reported a higher 
expression of HPV in VC and a possible association 
between them.17,23

The consistent and specific association of HPV 
HR, especially 16 and 18, with VC has been shown 
in several studies using PCR/ISH technique.1 This 
is consistent with the results of our study and some 
others.24 Although the absence of HPV 16 has been 

reported in VC samples by Fujita et al.25 Limited 
reports that showed higher HPV association with 
LP showed higher expression of HPV in normal 
mucosa.6,23 Szarka et al,26 did not demonstrate any 
association between LP and HPV which is consistent 
with other studies.19,27

Some studies showed higher expression of 
HPV HR in LP samples.16,28 Although Lou et al,23 
reported the opposite in their study. The expression 
of the virus was reported between 0–100% with 
PCR,24,27 0–73% with ISH,6,29 and 80–100% using 
SB analysis.10,19 HPV expression in normal mucosa 
was reported between 1–60% in various studies.30 In 
our study, there was no correlation between the HR 
and LR subtypes of HPV.

C O N C LU S I O N
As multiple factors can be involved in neoplastic 
transformation, evaluating the possible role of HPV 
has been the focus of many studies. In the Iranian 
population, we found no significant association 
between HPV and malignant transformation. We 
observed the absence of HPV in normal mucosa and 
LP lesions, whereas 13.1% of SCCs and 14.3% of 
VCs contained HPV DNA. The presence of HPV 
HR (16 and 18) was detected in VCs while SCC 
samples demonstrated HPV LR (6 and 11). The 
role of HPV in malignant transformation has always 
been under discussion and requires larger studies.

Disclosure
The authors declared no conflicts of interest. No funding was 
received for this study.

r efer ences
1. Neville BW, Damm DD, Allen CM, Bouquot JE. Oral and 

maxillofacial pathology. 3rd ed. St. Louis: WB Saunders co; 
2008.

2. Ginawi IA, Mahgoub EA, Ahmed HG. Immunophenotyping 
of HPV Types 16 and 18 among Sudanese Patients with 
Oral Lesions. Oman Med J 2012 May;27(3):201-206. 

3. Saghravanian N, Ghazvini K, Babakoohi S, Firooz A, 
Mohtasham N. Low prevalence of high risk genotypes 
of human papilloma virus in normal oral mucosa, oral 
leukoplakia and verrucous carcinoma. Acta Odontol Scand 
2011 Nov;69(6):406-409. 

4. Ackerman LV. Verrucous carcinoma of the oral cavity. 
Surgery 1948 Apr;23(4):670-678.

5. Lamont R, Lantz M, Burne R, Leblanc D. Oral microbiology 
and immunology. Washington DC: ASM press; 2006.

6. Koyama K, Uobe K, Tanaka A. Highly sensitive detection of 
HPV-DNA in paraffin sections of human oral carcinomas. J 
Oral Pathol Med 2007 Jan;36(1):18-24. 

7. Kumar V, Abbas A, Fausto N. Robbins and cotran pathologic 
basic of disease. 9th ed. Elsevier: Saunders; 2005.



460 Na s ro ll a h  Sagh r ava n i a n ,  et  a l .

8. Kay P, Meehan K, Williamson AL. The use of nested 
polymerase chain reaction and restriction fragment 
length polymorphism for the detection and typing of 
mucosal human papillomaviruses in samples containing 
low copy numbers of viral DNA. J Virol Methods 2002 
Aug;105(1):159-170. 

9. Rabbett WF. Juvenile laryngeal papillomatosis. The relation 
of irradiation to malignant degeneration in this disease. Ann 
Otol Rhinol Laryngol 1965 Dec;74(4):1149-1163. 

10. Löning T, Ikenberg H, Becker J, Gissmann L, Hoepfer I, zur 
Hausen H. Analysis of oral papillomas, leukoplakias, and 
invasive carcinomas for human papillomavirus type related 
DNA. J Invest Dermatol 1985 May;84(5):417-420. 

11. Bettini JdeS, Soares EG, Duarte G, Simões RT, Simões AL. 
PCR diagnosis of HPV in cervical biopsies of CIN and 
invasive neoplasia formerly diagnosed as HPV negative. 
Acta Cytol 2003 Jul-Aug;47(4):545-549. 

12. Ting Y, Manos M. Detection and typing of genital human 
papillomaviruses, Polymerase chain reaction protocols: a 
guide to methods and applications. San Diego: Academic 
Press 1990;356-367.

13. Snijders PJ, van den Brule AJ, Schrijnemakers HF, Snow 
G, Meijer CJ, Walboomers JM. The use of general primers 
in the polymerase chain reaction permits the detection of a 
broad spectrum of human papillomavirus genotypes. J Gen 
Virol 1990 Jan;71(Pt 1):173-181. 

14. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, 
Kummer JA, Shah KV, et al. Human papillomavirus is 
a necessary cause of invasive cervical cancer worldwide. J 
Pathol 1999 Sep;189(1):12-19. 

15. Mohtasham N, Mahdavi-Shahri N, Salehinejad J, Ejtehadi 
H, Torabi-Parizi M, Ghazi N. Detection of nucleoproteins 
in squamous cell carcinoma, and dysplastic and normal 
mucosa in the oral cavity by methyl green-pyronin staining. 
J Oral Sci 2010 Jun;52(2):239-243. 

16. Termine N, Panzarella V, Falaschini S, Russo A, Matranga 
D, Lo Muzio L, et al. HPV in oral squamous cell carcinoma 
vs head and neck squamous cell carcinoma biopsies: a meta-
analysis (1988-2007). Ann Oncol 2008 Oct;19(10):1681-
1690. 

17. Isayeva T, Li Y, Maswahu D, Brandwein-Gensler M. Human 
papillomavirus in non-oropharyngeal head and neck 
cancers: a systematic literature review. Head Neck Pathol 
2012 Jul;6(Suppl 1):S104-S120. 

18. Kashima HK, Kutcher M, Kessis T, Levin LS, de Villiers 
EM, Shah K. Human papillomavirus in squamous cell 
carcinoma, leukoplakia, lichen planus, and clinically normal 
epithelium of the oral cavity. Ann Otol Rhinol Laryngol 
1990 Jan;99(1):55-61.

19. Cox M, Maitland N, Scully C. Human herpes simplex-1 

and papillomavirus type 16 homologous DNA sequences in 
normal, potentially malignant and malignant oral mucosa. 
Eur J Cancer B Oral Oncol 1993 Jul;29B(3):215-219. 

20. Khovidhunkit SO, Buajeeb W, Sanguansin S, Poomsawat 
S, Weerapradist W. Detection of human papillomavirus 
in oral squamous cell carcinoma, leukoplakia and lichen 
planus in Thai patients. Asian Pac J Cancer Prev 2008 Oct-
Dec;9(4):771-775.

21. Lewis JS Jr, Ukpo OC, Ma XJ, Flanagan JJ, Luo Y, 
Thorstad WL, et al. Transcriptionally-active high-
risk human papillomavirus is rare in oral cavity and 
laryngeal/hypopharyngeal squamous cell carcinomas–a 
tissue microarray study utilizing E6/E7 mRNA in situ 
hybridization. Histopathology 2012 May;60(6):982-991. 

22. Lubbe J. Kormann a, adams V, Hassam S, Gratz KW, 
Panizzon RG, Burg G. HPV-11 and HPV-16 associated 
oral verrucous carcinoma. Dermatol 1996;192(3):217-221.

23. Luo CW, Roan CH, Liu CJ. Human papillomaviruses in oral 
squamous cell carcinoma and pre-cancerous lesions detected 
by PCR-based gene-chip array. Int J Oral Maxillofac Surg 
2007 Feb;36(2):153-158. 

24. González JV, Gutiérrez RA, Keszler A, Colacino MdelC, 
Alonio LV, Teyssie AR, et al. Human papillomavirus in oral 
lesions. Medicina (B Aires) 2007;67(4):363-368.

25. Fujita S, Senba M, Kumatori A, Hayashi T, Ikeda T, Toriyama 
K.  Human papillomavirus infection in oral verrucous 
carcinoma: genotyping analysis and inverse correlation with 
p53 expression. Pathobiology 2008 Jun;75(4):257-264. 

26. Szarka K, Tar I, Fehér E, Gáll T, Kis A, Tóth ED, et al. 
Progressive increase of human papillomavirus carriage rates 
in potentially malignant and malignant oral disorders with 
increasing malignant potential. Oral Microbiol Immunol 
2009 Aug;24(4):314-318. 

27. Bagan JV, Jimenez Y, Murillo J, Gavaldá C, Poveda R, Scully 
C, et al. Lack of association between proliferative verrucous 
leukoplakia and human papillomavirus infection. J Oral 
Maxillofac Surg 2007 Jan;65(1):46-49. 

28. Acay R, Rezende N, Fontes A, Aburad A, Nunes F, Sousa S. 
Human papillomavirus as a risk factor in oral carcinogenesis: 
a study using in situ hybridization with signal amplification. 
Oral Microbiol Immunol 2008 Aug;23(4):271-274. 

29. Shroyer KR , Greer RO Jr. Detection of human 
papillomavirus DNA by in situ DNA hybridization and 
polymerase chain reaction in premalignant and malignant 
oral lesions. Oral Surg Oral Med Oral Pathol 1991 
Jun;71(6):708-713. 

30. McKaig RG, Baric RS, Olshan AF, McKaig RG. Human 
papillomavirus and head and neck cancer: epidemiology and 
molecular biology. Head Neck 1998 May;20(3):250-265. 


