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Oral papilloma lesions may appear as a result of HPV infection, or not, and only special molecular methods could
differentiate them. Low-risk and high-risk HPV types could induce oral HPV papillomatosis with different natural
evolution, clearance and persistence mechanisms. The pathogenic mechanisms are based on the crosstalk
between the oral epithelial and immune cells and this very efficient virus. According to the degree of malignity,
three types of papillomatous lesions can be described in the oral cavity: benign lesions, potential malign disorders
and malignant lesions. The precise molecular diagnostic is important to identify the presence of various virus types
and also the virus products responsible for its oncogenicity. An accurate diagnostic of oral papilloma can be
established through a good knowledge of etiological and epidemiological factors, clinical examination and

laboratory tests.

oral papilloma oral HPV infection HPV-related oral lesions HPV immunity

HPYV oncogenicity

| 1. Introduction

Oral papillomatosis is a heteromorphic group of benign lesions of the oral mucosa whose cause has not been fully
elucidated yet. The importance of human papillomavirus (HPV) as an etiological factor of papillomatous lesions is
considerably increased with the development of molecular biology techniques used for diagnostics, but
papillomatosis has also a non-viral etiology, various factors producing the chronic irritation of the oral mucosa for a
long time or having a detrimental effect on tissues being involved: excessive smoking, chronic alcoholism LI2IE14]
or mucosal trauma producing chronic irritation such as incorrect prosthetic works & or edentations BI4E, The
accumulation of bacterial plaque as a result of poor oral hygiene and tartar may also cause oral papilloma lesions
[, and recently, another etiological factor incriminated is the lichen planus BIEIOIL The macroscopic and
histological aspects of non-viral and viral-induced oral papillomatosis being similar, a complete and reliable

diagnosis can be established after performing molecular methods that accurately detect the viral presence.

The same etiological factors inducing papillomas are incriminated in the development of malignant tumors of the
oral cavity, part of the head and neck squamous cell carcinoma (HNSCC) 1223l c|assified as HPV-positive and
HPV-negative L4567 To date, the HNSCC is a heterogeneous group of diseases in terms of risk factors,
pathogenesis and prognostic outcome. According to the topographical criteria, the subtypes of HNSCC are located

in the oral cavity, oropharynx, hypopharynx, larynx and nasopharynx [2&. HPV drives the oropharyngeal squamous
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cell carcinoma (OPSCC), while tobacco and alcohol consumption are responsible for other locations of HNSCC 14
[15][16][17][19]

The incidence of HPV viruses varies by the geographic area, being higher in underdeveloped countries (East
African countries), with the lowest incidence in West Asia 2921l the economic development and the efficiency of
the medical system are also important: countries in which the HPV vaccination program has been successfully

implemented have a significant decrease in the incidence rate [221[23],

HPVs are part of the Papillomaviridae family, non-enveloped viruses with a DNA double-stranded circular genome
(241[251[26]127] |t gbout 70 types of HPV were recognized 10 years ago, now over 200 different genotypes have been
identified based on viral genome sequences WI24l28128] Hpv/s have tropism for the squamous epithelium and they
comprise five genera, designated by Greek letters, with different mucosal or cutaneous tropism and disease
association; only the alpha genus includes viruses with mucosal and cutaneous tropism, the other four causing
only cutaneous lesions [2289 |n the alpha and beta genera, the Agency for Research on Cancer (IARC) described
three groups of HPVs according to their carcinogenic effects on human mucosa: (i) HPV-16 is defined as the most
potent HPV type causing cancer at several sites: cervix, vulva, vagina, penis, anus, oral cavity, oropharynx, tonsils
and larynx; (i) HPV-18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59—sulfficient evidence for cervical cancer; (iii) HPV-
5 and HPV-8 were included in the beta group with limited evidence for skin cancer in patients with

epidermodysplasia verruciformis 11,

Based on their association with cervical cancer, HPV types are classified as high-risk (HPV-16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 68, 73 and 82) or low-risk (HPV-26, 30, 34, 53, 66, 67, 69, 70, 73, 82 and 85) [16] Ten of
these HPVs, HPV-16, 18, 31, 33, 45, 51, 52, 56, 58 and 59, have been incriminated in HNSCC [14l32] The
oncogenic types, 16, 18, 31 and 33, are sexually transmitted [18]133] For an exhaustive and recent classification of

HPVs and their relationship with infection lesions, see also 181331,

Low-risk types of HPV also infect the oral cavity, but the pathogeny and the evolution of the subsequent lesions are
different. Frequently, low-risk strains produce warts in the oral mucosa, while high-risk strains can lead to
intraepithelial squamous lesions evolving into oral carcinoma B4l Low-risk HPV infection is associated with a
subset of atypical papillomatous lesions with a benign clinical course mainly in immunosuppressed subjects B2, |t
is mentioned that low-risk HPV types 6 and 11 determine the formation of papilloma lesions in the larynx, a
pathological condition named recurrent respiratory papillomatosis (RRP) B8, Much less is known about the low-risk

HPVs oncogenicity.

| 2. HPV Morphology

Morphologically, these non-enveloped viruses have a hemispherical shape and dimensions between 50 and 60 nm
(2291201 Even in a small virus of 8 Kpb, the HPVs are composed of eight genes, called open reading frames
(ORF), six early (E1, E2, E4, E5, E6 and E7) and two late (L1 and L2), necessary for different stages of the virus

cycle, and a non-coding long control region (LCR). The LCR contains a DNA replication origin and binding sites for
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host cell transcription factors and for the viral E1 and E2 proteins that control viral replication and gene expression.
E5, E6, and E7 encode three viral oncoproteins, E6 and E7 being the dominant oncoproteins of high-risk HPVs that
modulate the transformation process 2129 The morphology of a high-risk HPV is displayed in Figure 1.
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Figure 1. Schematic illustration of a high-risk HPV morphology.

The six early genes (E1, E2, E4, E5, E6 and E7) are depicted in blue and the late L1 and L2 in yellow. The free
space between L1 and E6 represents the long control region (LCR).

The main role of these proteins during the HPV cycle is to create a permissive cellular milieu for viral replication:
the induction of DNA replication machinery, immune evasion and the downregulation of apoptosis. The viral
oncogenes achieve these conditions by distorting the p53 and pRb cellular regulatory pathways BZ. E1 and E2
encode two regulatory proteins modulating the transcription and viral replication and two structural proteins; the
late genes L1 and L2 encode the viral capsid proteins necessary for the final viral assembly and mediate the viral
entry into the next infected host cell [2I[14]116](38]
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Figure 2 summarizes the roles of high-risk HPV main gene products.
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Figure 2. The roles of high-risk HPV main gene products. E1-L2—HPV genes; Kc-Keratinocyte; HSPGs—heparan

sulfate proteoglycans.

| 3. HPV Transmission

HPV infection of the oral mucosa is determined by sexual or non-sexual transmission. The oro-sexual practices are
incriminated in the sexual transmission, correlated with sexual behavior (number of partners, age of sexual live
onset B4 nterestingly, a horizontal transmission via saliva from mouth to mouth is also possible, as oral sex is
not compulsory for HPV infection from a positive partner L. It seems that the bifocal transmission of oral and
vaginal mucosa between partners is not usual, because they have different susceptibility, and the protective
attribute of the saliva may be considered B2, Vertical transmission is also accepted, the newborns with HPV-

positive mothers having 33% more risk for HPV infection [,

Oral papillomatous lesions can be transmitted from the skin to the oral mucosa. An eloquent example of this

situation is verruca vulgaris, frequently found in children (4Q][41],

| 4. HPV Natural Infection

Both low-risk and high-risk HPVs have an affinity for the squamous epithelium of the oral and cervical mucosa and
infect epithelial cells (Kcs). HPV’s capacity to immortalize in vitro in oral Kcs allows the extrapolation of the

biological infection from the genital mucosa to the oral one [29]
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The mucosa lining the oral cavity is formed of an epithelium sustained by a basal membrane (BM) which joins the
epithelium with the underlined chorion or lamina propria. An orthokeratinized epithelium, similar to the skin, is
present in the gum—the gingival mucosa—and at the level of the hard palate 4243144 |n the basal and
intermediate layers of the epithelium, cells involved in immunity may be present through the Kcs, but these are

numerous in the chorion. The oral epithelium from the jugal and labial mucosa and the soft palate is non-
keratinized [22145][46]

HPVs are exclusively intraepithelial pathogens, and an epithelial wound creating a discontinuity through the Kcs is
necessary in order to allow the access of virions to the basal membrane and the profound cell layer 29471 Since
the basal Kcs of the stratified squamous epithelium are the only ones able to divide, they are the initial target of
HPV infection. For low-risk HPVs, which do not stimulate keratinocyte proliferation, this is a good hypothesis, but
for high-risk HPVs, which interfere with cell proliferation, it is less clear. For a better understanding of high- and

low-risk HPV infection and evolution, see (2,

A study on a mouse model highlighted, surprisingly, that HPVs do not initially bind the Kcs in vivo, but first the
heparan sulfate proteoglycans (HSPGs) of BM exposed after the upper epithelial trauma via the L1 major capsid
protein. HSPG is considered the first receptor. It also emphasizes the natural dependence of some viruses,
including HPVs, on HSPGs used as hijacked receptors in order to bind to host cells. This typical interaction occurs
through electrostatic interactions between the cell membrane and the virus. After binding to HSPGs, the mature
virus particle undergoes a series of conformational changes to enter the host cell 4849 Following these
conformational changes, viral capsids can be transferred to a non-HSPG epithelial cell receptor. To date, after
binding HSPGs, HPV-16 interacts with the EGFRs present on the plasma membrane and produces an important
reconfiguration of the host cells “9. Once internalized by a micropinocytosis-like mechanism involving actin, the

virus traffics through the endolysosomal system and reaches the nucleus 11,

Different viral genes are expressed during the cell-hosting virus superficialization 22, and the expression of viral
proteins seems to be regulated by the differentiation of Kcs. Virus multiplication takes place in the internal layers of
the epithelium driven by E6-E7 genes, key regulators of cell cycle progression, but genome amplification with viral
protein production is noted in the upper epithelial layers, stratum spinosum and stratum granulosum, under the E4
gene control @B Here, the number of DNA copies is highly increased, up to a thousand/cell ¥4, and finally, new

virions are packed and leave the epithelium under the control of early E4 and late L1 and L2 genes 129,

The accomplishment of a virus cycle takes time even in optimal conditions, and depending on the oral topographic
area, the delay from the infection to the virion release is about 20 days, the time for keratinocyte daughters to

reach the stratum corneous from the basal membrane 32,

The pathogenesis of low- and high-risk HPVs is notably different, even in the presence of the same gene products:
low-risk HPVs produce a rapid progeny and a large lesion of the mucosa and induce the local immune response
and inflammation; E6 and E7 proteins display low activity of transforming the host genome and lack the capacity to

produce genomic instability 4. Depending on the high-risk or low-risk virus genotype, the host immune response,
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the epigenetic conditions and the topographic region of the oral epithelium, the virus could get cleared, could

remain latent or self-servingly drive the cell cycle to replicate and onset the pathological changes.

| 5. HPV Clearance

Clearance is a feature of the majority of HPVs. Usually, 63% to 70% of viral infections cleared rapidly within 12
months in response to an efficient immune system 1. For most subjects, HPV-associated lesions are cleared
within 1-2 years B2, Virus clearing is associated with sexual behavior, while no epidemiologic link between the
oncogenic or non-oncogenic types of viruses and age was noted. The risk of HPV infection decreases with age and
is probably linked to a higher presence of HPV antibodies 3. The median time for clearance of any type of HPV
infection was significantly longer in young men as compared to other age groups 49, Other studies state that the

median time of HPV-16 clearance is nearly two times longer than with other oncogenic HPV types 4],

The resolution of infection requires the cross-priming of dendritic cells (DCs) followed by T-cell infiltration into the
site of infection and the shut-off of viral gene expression 29, An interesting study of the imbalance between the
effectiveness of the immune system versus the stochastic dynamics of basal stem cells suggests that the chance
of the division of basal Kcs plays a critical role in the elimination of HPV-infected cell clones. In subjects with a
normal immune capacity, the immune response may contribute to less than 20% of the viral clearing, the rest being

ensured by the random succession of symmetric and asymmetric stem cell mitosis 22!,

Virus clearance could be illusory as lesion regression is not associated with massive apoptosis or cell death. The
lesion is cleared by the replacement of actively infected cells with ‘apparently normal’ cells as the basal cells
continue to divide. These 'apparently normal’ cells may still contain viral genomes but without concomitant viral
gene expression, and, in animal models, it has been suggested that the virus life cycle may become ‘reactivated’

depending on individual conditions 22,

| 6. HPV Persistence

It is a general agreement that the Kcs of the oral mucosa are the reservoir of HPV, and the most common behavior
of the oncogenic HPVs, especially HPV-16 and 18, but also of the low-risk HPV-6 and 11, is the virus persistence
561 |n order to maintain itself inside the host cells, either viral DNA is integrated into the host genome as for high-
risk HPVs, or it is maintained as episomes that tether to host DNA as for low-risk HPVs. The integration of HPV

DNA alters the expression of key genes in the host and promotes genomic instability and oncogenic progression
58],

HPV-6 and 11 are responsible for RRP that rarely can convert to cancer 8. It has been reported that this rare
oncogenesis of RRP may be caused by the integration of the HPV gene into the host cell genome, thereby
knocking out the host gene B4, Research data provide evidence that HPV-11 poses a higher potential for
malignant transformation BZ. The oncogenicity differences between these low-risk HPVs could be related to the

ability of E6 and E7 proteins of HPV-11 to have a more efficient interaction with host cell “oncogenic targets”, than
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those from HPV-6 281581 |t demonstrated the involvement of E2 protein from high-risk HPV-16/18 and HPV-11 to
maintain HPV DNA as “mini-chromosomes” in dividing cells through its direct interaction with the mitotic spindles
(561, still, HPV-6 and 11 proteins have a different ability to interfere with tumor suppressors p53 and pRb and other
cell cycle regulators than those from high-risk HPV's 58],

Among the risk factors for virus persistence, there are the immunosuppression of HIV-infected patients and renal
transplant recipients and smoking [, albeit recent studies have described smoking and HPV infection as
independent risk factors for oropharyngeal cancer. Subjects with some gene polymorphisms of the major

histocompatibility complex (MHC) are also more susceptible to HPV persistence and cancerization, as reviewed in
[s6],

Research data is not congruent that co-infection with various HPV types is a potential predictor of subsequent
persistence of the HPVs B9, Chronologically, virus persistence is related to the storage of the viral genome in the
epithelial stem cells followed by virus reactivation at the site of the previous infection or in other regions 9. In the
nuclei of the Kcs from the epithelial basal layer, the viral genome is maintained as an episome or plasmid (a low

copy number), meaning that viral gene expression is minimal 611,

The state of viral genome integration in the host cells, with no viral DNA replication but production of the oncoviral
proteins and nuclear mutagenesis, is called “pseudolatency”, three oncogenic genes being expressed in this stage,
E5, E6 and E7. E5 gene product stimulates EGF-mediated cell proliferation and affects apoptosis 62[63!, The E5
protein acts as a viroporin, affecting vesicle trafficking and cellular homeostasis, altering antigen presentation and
inflammation 4], This latent phase can persist for years . In this phase, unlike the low-risk HPVs DNA, the
oncogenic high-risk HPVs DNA is integrated into the Kc genome under the action of E6 and E7 that escaped the
E2 protein control 4. This is considered a canonic viral gene imbalance explaining the persistence and
carcinogenesis of HPV 83, The E6 and E7 proteins from low-risk HPVs shared many of the cellular effects of their
counterparts from high-risk HPVs but to a generally lesser extent. An explanation for their different oncogenic
potential could be related to the different efficiency of action on cellular targets. The research data showed that low-
risk HPVs producing RRP might undergo mutations which lead to increased levels of E6 and E7. This could explain

why, once penetrated into the lung tissue, these pathogens determine lung cancer (28!,

Some events (epigenetic factors such as local irritation) may determine the virus from the proliferative zone of the
epithelium to leave the stable replication to their entry into the vegetative mechanism [, and, as the virus
multiplies, to migrate with the Kcs through the epithelium surface 2347, This explains the fact that the oral mucosa,
together with the ductal epithelium of the salivary gland, the epithelium of the tonsillar crypts and the epithelium of

the gingival pockets may represent an infection reservoir for the remote carcinogenesis of tonsils and pharynx !
[39]

The production of the HPV-16 early E5 gene ensures the persistence of infection in immortalized HPV-infected Kcs

(Kcs) by downregulating the expression of MHC-I molecules through retention in the Golgi apparatus membranes
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and the inhibition of their transport to the cell surface 68, reducing the susceptibility of Kcs to be cleared by the
cytotoxic T lymphocytes (CTL) and Natural Killer (NK) cells 7],

It should be noted that, in contrast to cervix carcinoma and epidermis, in the oral mucosa, virus multiplication is
achieved without the damage of oral Kcs, and consequently premalignancies associated with OSCC are unknown

(631, However, a reduced functional impairment of Kcs in advanced stages of oral papillomatosis may occur 68169,

It is not evident that a particular area of the epithelium is more susceptible to becoming a transitional host or a
long-term reservoir for HPVs. A surprising finding is that among the HNSCN etiology, HPV’s prevalence in the
oropharyngeal location is significantly higher in palatines tonsils (61, 8%) and the base of the tongue/lingual tonsil
(49, 45%) W, both areas included in the Waldayer's lymphatic ring. It seems that in this location, HPV infection may
occur even in the absence of an anterior epithelial wound due to the particular structure of the epithelium, called
improperly reticulated epithelium, as its cells and the underline basal membrane are discontinuous. It was
speculated that the evolution of an HPV infection into a squamous cancer may be caused by the intimate

relationship between epithelial and immune cells 9.,

A second interesting site, with a particular histological organization and a huge involvement in the gingival
homeostasis, able to host a latent HPV, is the epithelium forming the wall of the gingival pocket. As in the
tonsillar criptae, the Kcs dynamically multiply with the faster turnover of the oral cavity, 4-6 days, loose packing
and the numerous intercellular spaces created filling with crevicular fluid 1. The access of HPV through the BM is
facilitated and its integration into the genome may be more efficient. The coexistence of epithelial and immune cells
is a feature of both locations. Underpinning this idea is the observation that oncogenic HPVs were found concealed
in the junctional epithelium of the dental pocket in 26% of the analyzed cases of periodontitis. Whether HPV is a
trigger of the periodontal disease or is installed in the slipstream of other pathogens enhancing the local

inflammation is to be studied 22731, Epidemiologically, the gum is the most common site of OSSC HPV positive (&,
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