Epithelial maturation and molecular biology of oral HPV
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ABSTRACT

Human papillomavirus (HPV) is widespread and can cause latent infection in basal
cells, with low HPV DNA copy-number insufficient for transmission of infection; can
cause subclinical infection that is active but without clinical signs; or can cause
clinical infection leading to benign, potentially malignant or malignant lesions. The
HPV cycle is influenced by the stage of maturation of the infected keratinocytes, and
the production of virions is restricted to the post-mitotic suprabasal epithelial cells

where all the virus genes are expressed.

Low-risk HPV genotypes are associated with the development of benign oral lesions,
whereas high-risk HPV genotypes are implicated in the development of malignant
epithelial neoplasms. The rdle of high-risk HPV as a causative agent in epithelial
malignancy is different at different anatomical sites: it is almost invariably implicated
in squamous cell carcinoma of the uterine cervix, fairly frequently implicated in
squamous cell carcinoma of the oropharynx, and it is seldom implicated in squamous

cell carcinoma of the mouth.



INTRODUCTION

Human papilloma viruses (HPV) are members of the papillomaviridae family that
infect epithelial cells exclusively. After gaining entry into the cells of the epithelial
basal layer, replication of the virus occurs in the nuclei of the infected cells, and the
production of mature virions occurs in the suprabasal epithelial cell layers [1]. HPV
infection is highly transmissible, has a variable incubation period that can culminate
in latent infection with low HPV DNA copy-number in basal cells insufficient to
support transmissibility; in subclinical infection that is active but without clinical
signs; or in clinical infection leading to benign, potentially malignant or malignant
epithelial lesions. Many of these manifestations of HPV infection can undergo

spontaneous resolution [2].

HPYV infection is the most common of all sexually transmitted diseases. It is
estimated that two thirds of those who have had sexual contact with HPV-infected
persons, will become infected [3]. Oral HPV infection can be acquired by oral-genital
contact, by mouth-to-mouth contact, or possibly by autoinoculation [4,5]; and in
infants by mother-to-child transmission [6, 7]. How HPV infection of the upper
respiratory tract occurs is not clear, but it may be by mucous carriage of virally
infected squames from the mouth, or from the mouth of another person to the

oropharynx and larynx [8].

The clinical manifestations and the microscopical features of HPV-associated lesions
vary with the anatomical site affected and with the genotype of the HPV [7]. The
variability of the clinical and microscopical appearances and the course of HPV
infection are governed by the complex interactions between the specific HPV
genotype, viral genetic variables, host immune response and the phenotype of the

infected epithelial cell against a background of differing environments and life-styles

[9].

Immunosuppressed people are at significantly greater risk of developing HPV
infection and of experiencing a more aggressive course of infection than
immunocompetent people. The immune system plays an important rdle in controlling

HPYV infection [2,10], but since the intracellular HPV is shielded from the host
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immune surveillance until the virus has been sufficiently amplified or the infected
keratinocytes exfoliate and disintegrate, the immune response remains relatively low-
level compared to the immune response to viruses that are not confined to epithelial

cells [10,11].

More than 100 types of HPV have been identified, differing in the regulatory
sequences and coding potential of their genomes [9,10,12]. Because of the
unequivocal implication of HPV in the aetiopathogenesis of uterine cervical
squamous cell carcinoma (SCC), HPV types in this context have been well studied
and categorized into low-risk and high-risk types according to their potential for
causing SCC [13]. Examples of low-risk HPV genotypes are HPV-6, 11, 42, 43, 44
and of high-risk HPV genotypes are HPV-16, 18, 31, 33, 35, 45, 51, 52, 56, 58 and 59
[6]. Distinct clinical manifestations are associated with specific HPV genotypes

[2,6,13-18] (Table 1).

In a small minority of women with persistent vulvo-vaginal infection with high-risk
HPV genotypes, cervical SCC may develop as long as 12-15 years after the initial
infection [12]. High-risk HPV genotypes, in particular HPV-16, have also been
implicated in the development of oral and oropharyngeal SCC [14,15,19-24].

Low-risk HPV genotypes only rarely have been implicated in malignant
transformation [6]. In the mouth, low-risk HPV infection is associated with a variety
of benign lesions including squamous cell papilloma, verruca vulgaris (common
wart), condyloma acuminatum and focal epithelial hyperplasia (Heck disease), but can
also be detected in potentially malignant epithelial lesions such as leukoplakia and

erythroplakia [25,26].

High-risk HPV genotypes, in particular HPV-16 and -18 are prevalent in potentially
malignant oral epithelial lesions [27-29] and in oral squamous cell [30,31]; but the
cells of these lesions typically show low viral load, infrequent viral integration into

the cellular genome, and the transformed cells seldom contain active transcriptional

E6/E7 mRNA [31-33].



HPV GENOME ORGANIZATION AND THE FUNCTION OF SOME OF THE
HPV GENE PROTEINS

All types of HPV have the same general organization of the genome: double-stranded
circular DNA that carries early (E) open reading frame (ORF) encoding for non-
structural regulatory proteins, and late (L) ORF encoding for capsid proteins.
Noncoding upstream regulatory region (URR) encompassing the origin of replication,
the E6/E7 gene promoter, and enhancers and silencers, is located between the early

and the late regions (Figure 1) [2,3].

Early ORFs encode for E1, E2, E4, ES, E6 and E7 proteins. E1 and E2 proteins bind
to viral origin of replication, recruit cellular proteins that mediate viral DNA
replication, and regulate viral gene expression [3,7]. El and E2 are also responsible
for the maintenance of viral DNA as an episome during initial HPV infection, and
also during latent infection in the basal cell layer [3,10,34]. E2 facilitates the
segregation of the HPV genome during cell division resulting in the distribution of
HPV DNA into daughter cells [10,34]; and is involved in the packaging of HPV DNA
and in the promotion of virion assembly. Furthermore, E2 has the capacity to repress

the activity of E6/E7 promoter [34].

The integration of HPV DNA within the cellular genome that is evident in some
HPV-associated malignancies disrupts the E2 ORF leading to loss of E2 repressing
function [35], thus permitting free transactivation of E6/E7 promoter by cellular
transcription factors [2,11] and possibly by other factors such as nutritional agents,

resulting in the increased expression of E6 and E7 oncoproteins [34].

E3 ORF does not encode for proteins [2]. The function of E4 and ES HPV proteins is
not completely known [3]. E4 protein is assumed to modulate HPV DNA
amplification and structural gene expression [10,34]. ES protein participates in HPV
DNA amplification. It is also associated with down-regulation of gap junction
intercellular communications, with expression of major histocompatibility complex
(MHC) class 1 molecules, and with activation of growth factor receptors. Thus ES

protein has the capacity to promote immune evasion [34,36].



Little is known about the action of E6 and E7 proteins of low-risk HPV genotypes
during latent and subclinical HPV infection [2,3]. During productive HPV infection
high- and low-risk HPV E6 and E7 facilitate the maintenance of the viral episome in
suprabasal matured epithelial cells [3]. E6 and E7 also play an important rdle in the
increased cell proliferation and the extended cell survival of HPV-associated
malignancies, by altering the cell cycle regulatory factors [36,37]. E6 of high-risk
HPYV can induce ubiquitin-mediated degradation of p53 tumour suppressor protein
[38,39]; and E7 of high-risk HPV genotypes can bind to and inactivate the Rb
suppressor gene and other cellular proteins associated with cell cycle regulation
[39,40]. Consequently E6 and E7 of high-risk HPV genotypes are instrumental in the

pathogenesis of HPV-associated malignancies.

E6 and E7 of low-risk HPV probably play a role in the pathogenesis of HPV-
associated benign tumours and only rarely are implicated in malignant transformation.
It is unclear what properties E6 and E7 of high-risk HPV genotypes possess that the
E6 and E7 of low-risk HPV genotypes do not possess, that enable them to induce
malignant transformation of some epithelial cells infected with high-risk HPV. One
possibility is that E6 and E7 proteins of high-risk HPV genotypes have a greater
affinity for the regulatory factors of the cell cycle, thus causing an exaggerated

dysregulation of mechanisms of cell growth and of cell survival [2].

E6 and E7 are not expressed in cells of the basal layer with low-risk HPV infection
[2], and it is uncertain whether E6 and E7 oncoproteins of high-risk HPV genotypes
are expressed in basal cells during productive HPV infection that does not give rise to

malignant changes [10].

In high-risk HPV infection associated with intraepithelial neoplasia or with invasive
malignancy, E6 and E7 oncoproteins are expressed in progenitor basal layer
keratinocytes mediating basal cell proliferation and genomic instability, making the
infected cells susceptible to additional genetic alterations leading to cell
transformation and possibly to the subsequent development of SCC [35]. The
biological effects induced by E6 and E7 of high-risk HPV have been investigated in
great detail. Little is known about the biological properties and mode of action of E6

and E7 proteins of low-risk HPV genotypes [2].
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E8 OREF has been identified only in bovine papillomavirus [2]. L1 ORF encodes for
major capsid protein and L2 ORF for minor capsid protein [2]. L1 protein is
expressed after L2 protein in the viral replication cycle and mediates packaging of
HPYV particles and virion assembly. L2 protein interacts with E2 protein, facilitates
the transport of L1 protein to the nucleus, and plays a role in the encapsulation of viral

DNA [10].

EPITHELIAL CELL PROLIFERATION AND MATURATION

The cells of the epithelium comprise two populations of cells, the progenitor and the
maturing. The former cells are based in the basal and parabasal layers, have the
capacity to proliferate by mitotic division following which some of the newly divided
(amplifying) cells enter a maturation process and gradually rise through the several
morphologically distinct cell layers to the surface, while some remain to maintain the
integrity of the basal layer. In the mouth this process of maturation follows two main

patterns: keratinization, and non-keratinization [41].

Some authors refer to this process of maturation as differentiation [2,3,10]. The
authors of this paper prefer the term maturation, as we think that the term
differentiation should be restricted to the development of specific populations of stem
cells arising from the zygote that form particular cell compartments and possess

distinct characteristics such as function, shape and rate of turnover [42].

Whether the cells that give rise to new progenitor cells and those that give rise to cells
destined to go through the process of maturation are in fact distinct sub-populations,
or whether the fates of all cells resulting from mitoses in the basal cell layer are

determined by changing local microenvironment, is uncertain.

HPV CYCLE AS IT RELATES TO EPITHELIAL CELL MATURATION

The HPV cycle is influenced by the stage of maturation of the infected keratinocyte in

the squamous epithelium [2,3,10]. The production of virions is restricted to mature

suprabasal epithelial cells where all the virus genes are expressed [43]. Why HPV



virions can be produced only by suprabasal postmitotic infected epithelial cells is not

known [3].

HPV infection starts when the viruses enter epithelial basal cells which are referred to
as the target cells of the virus [10,44]. Once inside the target cell, the viral DNA
undergoes uncoating and is transported to the nucleus where the HPV genome will
persist as multiple episomal copies [10]. In HPV-infected basal cells, E1 and E2
proteins are expressed and they regulate early viral DNA transcription from the early
promoter prior to production of virions. When expression of E2 is more pronounced,
E2 represses viral DNA replication by blocking cellular transcription factors, thus
controlling the number of HPV DNA copies in the basal cell by a process analogous
to negative feedback [3]. A stable number of about twenty to one hundred HPV DNA
copies per cell is regulated by E1 and E2 viral proteins in the basal cells for as long as

the infection persists [3].

In cases of high-risk HPV infection, E6 and E7 may also be expressed in HPV-
infected basal cells, and the epithelium may then enter a proliferative phase
characterized by an increasing number of HPV-infected basal cells [10], culminating

in intraepithelial or invasive neoplasm.

Why HPV can infect basal cells in the first instance but not the cells of other epithelial
layers is not known; but this is probably related to specific surface receptors confined
to basal cells [2]. The attachment of the virus to the basal cell membrane receptor
may be mediated by heparin sulphate, and the bound virus enters the cell by a slow
process of endocytosis [10]. As the basal cells divide, E2 mediates distribution of
some HPV DNA copies to daughter cells, while some copies remain in the progenitor

cells, in both cases, as episomes [35].

In latent HPV infection the affected epithelium looks both clinically and
histologically normal because the gene expression of the latent genes is restricted to
El and E2 [10]. The virus can remain latent for long periods, can be cleared by the

immune system, or can be activated and initiate productive infection [35].



As the epithelial cells mature, the HPV cycle progresses to productive replication
[10,43]. In HPV infected epithelium where virions are being produced the matured
epithelial cells express HPV E6 and E7 proteins in the suprabasal layers. E6 prevents
apoptosis that normally occurs in response to viral infection; and E7 has the capacity
to overcome the physiological blockade of DNA synthesis at the G1/S phase of the
cell cycle in these post-mitotic cells. Thus E7 activates the cellular DNA replication
mechanism allowing matured epithelial cells to re-enter the S phase of the cell cycle,
and although this does not usually result in full replication of the cellular genome it
makes the cellular replication machinery available for viral DNA replication

[3,35,37,45].

Multiplication of the viral genome, synthesis of early gene proteins (E2, E4, E6, E7)
and late gene proteins (L1, L.2), assembly of virions, and release of virions from
exfoliated epithelial cells occur at progressive stages of maturation of postmitotic
HPV-infected epithelial cells. It is suggested that specific cellular factors associated
with epithelial cell maturation activate late viral promoter located within E7 ORF
resulting in expression of high levels of E1 and E2 viral replication proteins which
activate late viral gene expression. This increase in E1 and E2 expression leads to
HPV amplification resulting in an increase in viral genome numbers parallel with the
stages of epithelial cell maturation. Eventually, mediated by L1 and L2 proteins, the

virus escapes from the shedding epithelial cells [10,39].

Unlike the early promoter, the late promoter is not suppressed by high levels of E2
[3]. The amplification of HPV genome in the maturing epithelium is modulated by
E4 and ES5 proteins, and E6 and E7 proteins ensure the maintenance of the HPV
genome as a stable replicating episome. As outlined above, under certain
circumstances E6 and E7 have the capacity to stimulate suprabasal postmitotic cells to
re-enter the S-phase of the cell cycle resulting in the development of proliferative
epithelial lesions [3]. However, during subclinical HPV infection, although viral
production continues, for as yet unknown reasons, the ability of E6/E7 to mediate the
re-entry of suprabasal post-mitotic epithelial cells at the S phase of the cell cycle is
limited, suprabasal proliferation of epithelial cells does not occur, and proliferative
epithelial lesions do not develop [10]. In some instances, normal appearing epithelial

cells with subclinical infection may be adjacent to the HPV-induced lesion [7].
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HPV-induced benign lesions are characterized by proliferation of cells of all epithelial
layers [46]. This proliferation is most probably mediated by E6/E7 proteins of mainly
low-risk HPV. The proliferation manifests microscopically as acanthosis,
hyperkeratosis and parakeratosis [7,46]. Koilocytes in the upper layers of the

epithelium are evident [7].

Microscopic examination of high-risk HPV-induced high-grade intraepithelial
neoplasia shows greatly increased numbers of mitotic figures and features of cellular
atypia, and extension of these multiplying atypical cells into the suprabasal layer of
the epithelium as the outcome of expression of high-risk HPV E6/E7 oncoproteins in

the basal cells [35].

HPV-ASSOCIATED ORAL BENIGN, POTENTIALLY MALIGNANT AND
MALIGNANT ORAL LESIONS

In persons who have been exposed to HPV, several HPV types have been detected in
their apparently normal oral mucosa, and in certain specific benign, premalignant and
malignant oral lesions, in the aetiology of which they appear to be implicated. In
infected persons, in clinically and histologically normal looking oral mucosa, the
HPV exists in a latent form as a low-copy number episome in basal epithelial cells
[17]. In HPV-associated lesions, there is a substantial increase in intraepithelial HPV

DNA copy-numbers [39].

Oral HPV infection is acquired primarily by sexual transmission, or less frequently by
non-sexual direct transmission, by mother to child transmission or by autoinoculation.
Persons who practise oral-genital sex, those who have had a number of sexual
partners, and those who are immunocompromised are at greater risk of acquiring oral

HPV infection [4,5,14,47-49].

HPV-associated benign oral lesions

Many of the low-risk genotypes and uncommonly, high-risk types have been found in

the HPV-associated benign oral lesions, oral squamous cell papilloma, verruca
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vulgaris (common wart), condyloma acuminatum and focal epithelial hyperplasia
(Heck disease) [17,18,50,51], collectively termed oral warts. The four types of oral
warts share the characteristics of being exophytic sessile, or pedunculated, or of
having filiform or ‘cauliflower’-like surface. The lesions can be single, multiple, or
clustered [17,49,52], are usually painless and chronic, and occasionally regress

spontaneously [53].

Although certain HPV types have been implicated in the aetiology of the different
oral warts, there is considerable overlapping of viral types among the lesions, and not
infrequently viral types not generally associated with a particular lesion, can be
identified. Therefore viral typing, which one would expect to be a diagnostic

differentiator of oral warts cannot always be relied upon.

HPV-associated potentially premalignant and malignant lesions

The reported rates of HPV DNA detection in potentially malignant (leukoplakia,
erythroplakia) and malignant (squamous cell carcinoma) oral lesions range from 0 to
100% [54,55]. This extreme variation is owing to differences in ethnicity, geographic
locations and sample size of the subjects examined, and to variations in methods of

detection of HPV.

High-risk HPV genotypes, in particular HPV-16 and -18, have been reported to be the
most prevalent in oral squamous cell carcinoma [30,31,56-58], and HPV-16 in oral
leukoplakia including proliferative verucous leukoplakia [27,28]. However, there are
reports that low-risk rather than high-risk HPV genotypes are more prevalent in oral
leukoplakia [23,25]; and co-infection with several different HPV-genotypes is not

uncommon [28,59].

In a meta-analysis of data from 94 studies of 4580 specimens, Miller and Johnston
(2001) determined that the likelihood of HPV to be detected in normal oral mucosa, in
non-dysplastic leukoplakia, in dysplastic oral leukoplakia and in other precancerous
intra-epithelial oral neoplasms, and in oral squamous cell carcinoma is likely to be

about 10%, 20%, 26% and 47% respectively. This suggests that HPV may have an
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oncogenic or a co-oncogenic role in some HPV-cytopositive premalignant and

malignant oral epithelial neoplasms [23].

With HPV-16 cytopostive oropharyngeal SCC as a model of HPV-mediated epithelial
cancerization, a causal association between HPV and oral SCC is likely if the cells of
HPV-cytopositive oral SCC express transcriptionally active E6/E7 mRNA, frequently
demonstrate viral integration within the cellular genome, show high viral load (>1
copy per cell), show unmutated pS3 gene, reduced expression of Rb proteins,

INK4A

overexpression of pl

chromosomal loci 3p, 9p and 17p [33,60-66].

, and infrequent loss of heterozygosity (LoH) at

As the cells of HPV-cytopositive oral squamous cell carcinoma and potentially
malignant lesions are typically characterised by infrequent expression of
transcriptionally active E6/E7 mRNA, by infrequent viral integration within the
cellular genome by low HPV viral load and by frequent LoH at chromosomal loci 3p,

9p and 7p [32,33,66]; and as overexpression of p16INK4A

, of p53 and of Rb proteins is
not unequivocally associated with the presence of high-risk HPV DNA [31], there
would appear to be only a weak causal association between the HPV in the cells and

the process of malignant transformation.

It is possible that HPV super-infection of initially transformed oral keratinocytes may
promote progression of transformation in an additive or synergistic manner, through
mechanisms as yet unknown [62], or that in some HPV-cytopositive transformed
keratinocytes that do not express E6/E7 mRNA, E6/E7 oncoproteins have participated

in the initial stages of transformation but phased out during later stages [67].

Although it is clear that there is some link between HPV and potentially malignant
and malignant epithelial oral lesions, the precise role of the virus in the

aetiopathogenesis of these oral lesions is unknown.

SUMMARY

HPYV is epitheliotropic, and it may be present in a latent form, a subclinical form or in

a form which in association with other ill-defined factors can induce benign or
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malignant epithelial neoplasms. Figure 2 summarizes the different manifestations of
HPYV infection and the relationships between latent, subclinical and clinical HPV

infection.

While some viral proteins are expressed in HPV-infected basal cells independently of
the cell maturation process, regulating early viral DNA transcription from early
promotor prior to production of virions, the productive phase of the viral cycle is
dependent on specific cellular factors associated with the progressive stages of
maturation of post-mitotic cells as the cells gradually rise trough the layers of

epithelium to the surface, and exfoliate.

Persistent high-risk HPV infection in a subset of subjects with HPV-cytopositive
oropharyngeal epithelium induces genomic instability in these cells, making them
susceptible to additional genetic alterations leading to cell transformation and to
subsequent development of squamous cell carcinoma. In these oropharyngeal
squamous cell carcinomas there is a causal association between HPV infection and the
malignancy. In contrast, the nature of the link between high-risk HPV genotypes and

potentially malignant and malignant oral epithelial lesions is not known.

Low-risk HPV infection of oral epithelium is associated with squamous cell
papilloma, verruca vulgaris (common wart), condyloma acuminatum and focal
epithelial hyperplasia (Heck disease); and possibly with the potentially malignant oral
epithelial lesions, leukoplakia and erythroplakia.
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LEGENDS

Table 1: HPV genotypes and their associated diseases.

Figure 1: The circular organization of HPV DNA episome (adapted from references

2, 10, 22).
Figure 2: The manifestations of HPV infection and their interrelationships. Any of

these manifestations can undergo spontaneous resolution. This diagram does not

reflect the precancerous/cancer related aspects of HPV infection.

14



REFERENCES

1. Del Mistro A, Chieco Bianchi L. HPV related neoplasias in HIV-infected
individuals. Eur J Cancer 2001; 37:1227-1235.

2. Bonnez W. Papillomavirus. In: Richman DD, Whitley RJ, Hayden FG, editors.
Clinical virology. 2™ edition. Washington D.C.: ASM Press; 2002. p557-596.

3. Longworth MS, Laimins LA. Pathogenesis of human papillomaviruses in

differentiating epithelia. Microbiol Mol Biol Rev 2004; 68:362-372.

4. Coutlee F, Trottier AM, Ghattas G, Leduc R, Toma A, Sanche G, Rodrigues I,
Turmel B, Allaire G, Ghadirian P. Risk factors for oral human papillomavirus in

adults infected and not infected with human immunodeficiency virus. Sex

Transm Dis 1997; 24:23-31.

5. Fakhry C, D’Souza G, Sugar E, Weber K, Goshu E, Minkoff H, Wright R, Seaberg
E, Gillison M. Relationship between prevalent oral and cervical human

papillomavirus infections in human immunodeficiency virus-positive and

negative women. J Clin Microbiol 2006; 44:4470-4485.

6. Monk BJ, Tewari KS. The spectrum and clinical sequelae of human

papillomavirus infection. Gynecol Oncol 2007; 107:S6-S13.

7. Reichman RC. Human papillomavirus infections. In: Kasper DL, Braunwald E,
Fauci AS, Hauser SL, Lango DL, Jameson JL, editors. Harrisons principles of

internal medicine. 16™ edition. New York: Graw-Hill; 2005. p1056-1058.

8. Mork J, Lie AK, Glattre E, Hallmans G, Jellum E, Koskela P, Mgller B, Pukkala E,
Schiller JT, Youngman L, Lehtinen M, Dillner J. Human papillomavirus infection
as a risk factor for squamous-cell carcinoma of the head and neck. N Engl J Med
2001; 344:1125-1131.

15



9. Martin MP, Carrington M. Immunogenetics of viral infections. Curr Opin

Immunol 2005; 17:510-516.

10. Doorbar J. The papillomavirus life cycle. J Clin Virol 2005; 32 suppl 1:S7-S15.

11. Palefsky J. Biology of HPV in HIV. Adv Dent Res 2006; 19:99-105.

12. Shetty K, Chattopadhyay A, Leigh J. Detection and typing of human
papillomavirus in the oral mucosa of patients infected with human

immunodeficiencyvirus. Oral Oncol Extra 2005; 41:311-315.

13. Steben M, Duarte-Franco E. Human papillomavirus infection: epidemiology
and pathophysiology. Gynecol Oncol 2007; 107:S2-S5.

14. D’Souza G, Fakhry C, Sugar EA, Seaberg EC, Weber K, Minkoff HL. Six-
month natural history of oral versus cervical human papillomavirus infection.

Int J Cancer 2007; 121:143-150.

15. Herrero R, Castellsague X, Pawlita M, Lissowska J, Kee F, Balaram P Rajkumar
T, Sridhar H, Rose B, Pintos J, Fernandez L, Idris A, Sanchez MJ, Nieto A, Talamini
R, Tavani A, Bosch FX, Reidel U, Snijders PJ, Meijer CJ, Viscidi R, Muifioz N,

Franceschi S; IARC Multicenter Oral Cancer Study Group. Human papillomavirus

and oral cancer: The international agency for research on cancer multicenter

study. J Natl Cancer Inst 2003; 95:1772-1783.

16. Flaitz CM, Hicks MJ. Molecular piracy: the viral link to carcinogenesis. Oral
Oncol 1998; 34:448-453.

17. Praetorius F. HPV-associated diseases of the oral mucosa. Clinics in Dermatol

1997; 15:399-413.

18. Terai M, Takagi M, Matsukura T, Sata T. Oral wart associated with human
papillomavirus type 2. J Oral Pathol Med 1999; 28:137-140.

16



19. Shetty K, Leigh J. Malignant transformation of human papilloma viral
lesions into squamous cell carcinoma of the tongue in the HIV population: case

report and review of the literature. Oral Oncol Extra 2005; 41:272-276.

20. Castellsague X, Munoz N. Cofactors in human papillomavirus carcinogenesis
—role of parity, oral contraceptives, and tobacco smoking. J Natl Cancer Inst

Monogr 2003; 31:20-28.

21. Gillison ML, Lowy DR. A causal role for human papillomavirus in head and

neck cancer. Lancet 2004; 363:1488-1489.

22. Gillson ML, Koch WM, Capone RB, Spafford M, Westra WH, Wu L, Zaharuk
ML, Daniel RW, Viglione M, Symer DE, Shah KV, Sidransky D. Evidence for a
causal association between human papillomavirus and a subset of head and neck

cancers. J Natl Cancer Inst 2000; 92:709-720.

23. Miller SC, Johnstone BM. Human papillomavirus as a risk factor for oral
squamous cell carcinoma: a meta-analysis, 1982-1997. Oral Surg Oral Med Oral

Pathol Oral Radiol Endod 2001; 91:622-635.

24. Miller CS, Zeuss MS, White DK. Detection of HPV DNA in oral carcinoma
using polymerase chain reaction together with in situ hybridization. Oral Surg

Oral Med Oral Pathol 1994; 77:480-486.

25. Nielson H, Norrild B, Vedtofte P, Praetorius F, Reibel J, Holmstrup P. Human
papillomavirus in oral premalignant lesions. Oral Oncol Eur J Cancer 1996;

32B:264-270.

26. Reichart PA, Philipsen HP. Oral erythroplakia — a review. Oral Oncol 2005;
41:551-561.

27. Palefsky JM, Silverman S Jr, Abdel-Salaam M, Daniels TE, Greenspan JS.
Association between proliferative verrucous leukoplakia and infection with

human papillomavirus type 16. J Oral Pathol Med 1995; 24:193-197.
17



28. Ostwald C, Rutsatz K, Schweder J, Schmidt W, Gundlach K, Barten M. Human
papillomavirus 6/11, 16 and 18 in oral carcinomas and benign oral lesions. Med

Microbiol Immunol 2003; 192:145-148.

29. Campisi G, Giovannelli L, Arico P, Lama A, Di Leberto C, Ammatuna P,
D’Angelo M. HPV DNA in clinically different variants of oral leukoplakia and
lichen planus. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2004; 98:705-
711.

30. Da Silva CE, Da Silva ID, Cerri A, Weckx LL. Prevalence of human
papillomavirus in squamous cell carcinoma of the tongue. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2007; 104:497-500.

31. Nemes JA, Deli L, Nemes Z, Marton 1J. Expression of p16INK4A, p53, and Rb
proteins are independent from the presence of human papillomavirus genes in

oral squamous cell carcinoma. Oral Surg Oral Med Oral Pathol Oral Radiol

Endod 2006; 102:344-352.

32. Ha PK, Pai SI, Westra WH, Gillison ML, Tong BC, Sidranksky D, Califano JA.
Real-time quantitative PCR demonstrates low prevalence of human

papilloamvirus type 16 in premalignant and malignant lesions of the oral cavity.

Clin Cancer Res 2002; 8:1203-1209.

33. Koskinen WJ Chen RW, Leivo I, Makitie A, Back L, Kontio R, Suuromen R,
Lindqvist C, Auvinen E, Molijn A, Quint WG, Vaheri A, Aaltonen LM. Prevalence
and physical status of human papilomavirus in squamous cell carcinoma of the
head and neck. Int J Cancer 2003; 107:401-406.

34. Campo MS. Animal models of papillomavirus pathogenesis. Virus Res 2002;
89:249-261.

18



35. von Knebel Doeberitz M. New markers for cervical dysplasia to visualize the
genomic chaos created by aberrant oncogenic papillomavirus infections. EurJ

Cancer 2002; 38:2229-2242.

36. Miller CS. Pleiotrophic mechanisms of virus survival and persistence. Oral

Surg Oral Med Oral Pathol Oral Radiol Endod 2005; 100:527-536.

37. Zur Hausen H. Papillomaviruses causing cancer: Evasion from host-cell

control in early events of carcinogenesis. J Natl Cancer Inst 2000; 92:690-698.

38. Ngheim P, Kupper TS. Basal and squamous cell carcinomas. In: Jameson JL
editor. Principles of molecular medicine. 1* edition. Totowa New Jersey: Humana

Press Inc; 1998. p65-72.

39. Angeletti PC, Zhang L, Wood C. The viral etiology of AIDS-associated
malignancies. Adv Pharmacol 2008; 56:509-557.

40. Jameson JL. Oncogenes and tumour suppressor genes. In: Jameson JL editor.
Principles of molecular medicine. 1* edition. Totowa New Jersey: Humana Press

Inc; 1998. p73-82.

41. Nanci A. Ten Cate’s Oral Histology. Development, Structure, and Function.

7" edition. Missouri: Mosby Elsevier; 2008. Chapter 12 p 319-357.

42. Nanci A. Ten Cate’s Oral Histology. Development, Structure, and Function.

7" edition. Missouri: Mosby Elsevier; 2008. Chapter 2 p 16-31.

43. Conway MJ, Meyers C. Replication and assembly of human
papillomaviruses. J Dent Res 2009; 88:307-317.

44. Anderson KM, Allen CM, Nuovo GJ. Human papillomavirus, type 40-
associated papilloma, and concurrent Kaposi’s sarcoma involving the anterior
hard palate of an HIV-positive man. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2003; 95:80-84.

19



45. Elgui de Oliveira D. DNA viruses in human cancer: An integral overview of
fundamental mechanisms of viral oncogenesis. Cancer Letters 2007; 247, 182-
196.

46. Jastreboff AM, Cymet T. Role of the human papilloma virus in the
development of cervical intraepithelial neoplasia and malignancy. Postgrad Med
J2002; 78:225-228.

47. Kreimer AR, Alberg AJ, Daniel R, Gravitt PE, Viscidi R, Garett ES, Shah KV,
Gillison ML. Oral human papillomavirus infection in adults is associated with
sexual behaviour and HIV serostatus. J Infect Dis 2004; 189:686-698.

48. Syrjanen S. Human papilloma viruses in the head and neck carcinomas. N

Engl J Med 2007; 365:1993-1995.

49. Cameron JE, Hagensee ME. Oral HPV complications in HI'V-infected
patients. Curr HIV/AIDS Rep 2008; 5:126-131.

50. Cameron JE, Mercante D, O’Bien M, Gaffga AM, Leigh JE, Fidel PL, Hagensee
ME. The impact of highly active antiretroviral therapy and immunodeficiency
on human papillomavirus infection of the oral cavity of human

immunodeficiency virus-seropositive subjects. Sex Trans Dis 2005; 32:703-709.

51. Volter C, He Y, Delius H, Roy-Burman A, Greenspan JS, Greenspan D, de
Villiers EM. Novel HPV types present in oral papillomatous lesions from

patients with HIV infection. /nt J Cancer 1996; 66:453-456.

52. Greenspan D, Gange SJ, Phelan JA, Navazesh M, Alves MEA, MacPail LA,
Mulligan R, Greenspan JS. Incidence of oral lesions in HIV-1 infected women:

Reduction with HAART. J Den Res 2004; 83:145-150.

53. Syrjanen S. Human papillomavirus infection and oral tumours. Med

Microbiol Immunol 2003; 192:123-128.
20



54. Hennessey PT, Westra WH, Califano JA. Human papillomavirus and Head
and Neck squamous cell carcinoma: Recent evidence and clinical implications. J
Dent Res 2009; 88:300-306.

55. Ha PK, Califano JA. The role of human papillomavirus in oral

carcinogenesis. Crit Rev Oral Biol Med 2004; 15:188-196.

56. Furrer VE, Benitez MB, Furnes M, Lanfranchi HE, Modesti NM. Biopsy vs.
superficial scraping: detection of human papillomavirus 6, 11, 16, and 18 in
potentially malignant and malignant oral lesions. J Oral Pathol Med 2006;
35:338-344.

57. Zhang Z, Sdek P, Cao J, Chen W. Human papillomavirus type 16 and 18 DNA
in oral squamous cell carcinoma and normal mucosa. Int J Oral Maxillofac Surg

2004; 33:71-74.

58. Kreimer AR, Clifford GM, oyle P, Franceschi S. Human papillomavirus types
in head and neck squamous cell carcinomas worldwide: a systematic review.

Cancer Epidemiol Biomarkers Prev 2005; 14:467-475.

59. Bouda M, Gorgoulis VG, Kastrinakis NG, Giannoudis A, Tsoli E, Danassi-
Afentaki D, Foukas P, Kyroudi A, Laskaris G, Herrington CS, Kittas C. “High risk”
HPYV types are frequently detected in potentially malignant and malignant oral

lesions, but not in normal oral mucosa. Mod Pathol 2000; 13:644-653.

60. Licitra L, Perrone F, Bossi P, Suardi S, Mariani L, Artusi R, Oggionni M, Rossini
C, Cantu G, Squadrelli M, Quattrone P, Locati LD, Bergamini C, Olmi P, Pierotti
MA, Pilotti S. High-risk human papillomavirus affects prognosis in patients with
surgically treated oropharyngeal squamous cell carcinoma. J Clin Oncol 2006;

24:5630-5636.

61. Charfi L, Jouffroy T, de Cremoux P, Le Peltier N, Thioux M, Freneaux P, Point

D, Girod A, Rodriguez J, Sastre-Garau X. Two types of squamous cell carcinoma

21



of the palatine tonsil characterized by distinct etiology, molecular features and

outcome. Cancer Lett 2008; 260:72-78.

62. Weinberger PM, Yu Z, Haffty BG, Kowalski D, Haripogal M, Brandsma J,
Sasaki C, Joe J, Camp RL, Rimm DL, Psyrri A. Molecular classification identifies

a subset of human papillomavirus-associated oropharyngeal cancers with

favourable prognosis. J Clin Oncol 2006; 24:736-747.

63. Wiest T, Schwarz E, Enders C, Flechtenmacher C, Bosch FX. Involvement of
intact HPV 16 E6/E7 gene expression in head and neck cancers with unaltered

p53 status and perturbed pRb cell cycle control. Oncogene 2002; 21:1510-1517.

64. Klussmann JP, Weissenborn SJ, Wieland U, Dries V, Kolligs J, Jungehuelsing M,
Eckel HE, Dienes HP, Pfister HJ, Fuchs PG. Prevalance, Distribution, and Vrial
load of Human Papillomavirus 16 DNA in Tonsilar carcinomas. Cancer 2001;
92:2875-2884.

65. Vidal L, Gillison ML. Human papillomavirus in HNSCC: Recognition of a
distinct disease type. Hematol Oncol Clin N Am 2008; 22:1125-1142.

66. Braakhuis BJM, Snijders PJF, Keune WJH, Meijer CJLM, Ruijter-Schippers HJ,
Leemans CR, Brakenhoff RH. Genetic patterns in head and neck cancers that
contain or lack transcriptionally active human papillomavirus. J Nat Cancer Inst

2004; 96:998-1006.

67. van Houten VMM, Snijders PJF, van den Brekel MWM, Kummer JA, Meijer
CJLM, van Leeuwen B, Denkers F, Smeele LE, Snow GB, Brakenhoff AH.
Biological evidence that human papillomaviruses are etiologically involved in a
subgroup of head and neck squamous cell carcinomas. /n J Cancer 2001; 93:232-

235.

22



| @inBi4

FIGURE 1
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FIGURE 2

HPYV replication in matured
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