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Human papillomavirus (HPV) is associated with benign and malignant lesions in
various locations, such as the skin and oral and genital mucosa [1]. Indeed, HPV is the most
important pathogen in anogenital infections, especially of the cervix, while the relationship
between anogenital and oral infections seems to be poor and inconsistent [1,2]. Nonetheless,
oral HPV infection can occur subclinically or manifest as benign lesions, namely squamous
cell papillomas, condyloma acuminata, verruca vulgaris, and focal epithelial hyperplasia [3],
as well as potentially malignant lesions, which most notably include proliferative verrucous
leukoplakia [4].

Among the approximately 200 HPV genotypes [5], 25 have been associated with
oral lesions, including HPV-1, -2, -3, -4, -6, -7, -10, -11, -13, -16, -18, -31, -32, -33, -35, -40,
-45, -52, -55, -57, -58, -59, -69, -72, and -73 [6], with the low-risk HPV-6 and -11 being
the most frequently detected overall. To be more specific, squamous cell papillomas and
condyloma acuminata are commonly associated with HPV-6 and HPV-11; verruca vulgaris
are associated with HPV-2 followed by HPV-57, -4, and -40; and HPV-13 and -32 are linked
to FEH [6,7].

In addition, anogenital and HPV infection is an independent risk factor for oropha-
ryngeal benign and malignant neoplasms [2]. HPV-related oral squamous cell carcinomas
(OSCCs) account for a smaller proportion than oral cancers, which are mostly attributable
to other risk factors such as tobacco, alcohol, or areca nut [8]. However, following the
decline in tobacco use in several countries, there has been an increase in HPV-associated
oral cancers, similar to oropharyngeal cancers, indicating a possible independent role of
HPV in OSCCs [9]. Although the role of HPV in the development of OSCCs is still not fully
understood [10], HPV approximately represents 3% of oral carcinomas [11], and HPV’s E6
and E7 viral proteins, being able to block two suppressor proteins, are responsible for HPV
oncogenic power [12,13].

Specifically, E7 binds to p53 by participating in the cleavage of p53 by E6 [14] and
causing the loss of control over the G1-S phase transition of the cell cycle, leading, in turn,
to an increase in cell cycling [15]. In fact, the altered action of p53 is considered a risk
factor for carcinogenesis. Moreover, E7 promotes the degradation of retinoblastoma protein
(pRb) and interacts with other cell cycle factors, such as cyclin-dependent kinases (CDK)
by inhibiting p27 and p21 [16]. This leads to the dysregulation of the cell cycle. E7 also
causes an overexpression of the p16 protein on chromosome 9p21, the mutation of which is
associated with OSCCs (Otha, 2009). Furthermore, E7 blocks cell apoptosis by inhibiting
the keratinocyte Bax gene [15] and by binding to the tumor necrosis factor receptor-1
(TNF-R1) [17], leading to an increase in DNA mutations in host cells and promoting
carcinogenesis.

E6 is also able to inhibit the activity of p73 [15]. Mutated cells in the basal layer then
transfer the genetic mutations to daughter cells. Clinically detectable lesions are the result
of uncontrolled cell growth [15].

Finally, the E6 and E7 proteins can also influence epigenetic mechanisms by inducing
DNA methylation [18].

Three types of vaccines against HPV infection are presently available: Gardisil (Quadri-
valent; Merck & Co., Kenilworth, NJ, USA) against HPV-6, -11, -16, and 18 [19]; Gardisil9
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(Nonavalent; Merck & Co., Kenilworth, NJ, USA) against HPV-6, -11, -16, -18, -31, -33, -45,
-52, and -58 [19]; and Cervarix (Bivalent; GSK, Brentford, UK) against HPV-16 and -18 [19].
HPV vaccination has reduced the incidence of cervical cancer by 68–86% among vaccinated
women aged 16–19 years [20]. However, vaccination coverage rates among young adults
remain low, as only 54% of women and 27% of men aged 18–26 years started vaccination in
2018, and only 22% completed it [21].

The WHO reports that only 15% of the eligible female population worldwide received
the last HPV dose in 2019, which is particularly concerning in low- and middle-income
countries where uterine cancer is most prevalent [21]. The COVID-19 pandemic has
further impacted vaccination rates, with a 75% decline in vaccination rates among U.S.
adolescents aged 13–17 years in 2020 compared with 2019, and populations with limited
access to health care reported a higher likelihood of pandemic-related HPV vaccination
interruption [22–24] (Table 1).

Table 1. WHO dashboard: HPV vaccination coverage by age 15, last dose, males (M) and females (F),
in WHO regions and globally.

America Europe Africa South-East
Asia Region

Western Pacific
Region Global

F M F M F M F M F M F M

2021 62% 29% 28% 4% 18% 1% 7% 1% 15% 4%
2020 61% 26% 27% 2% 17% 0% 5% 1% 14% 4%
2019 59% 23% 27% 2% 13% 0% 5% 1% 13% 3%
2018 55% 18% 26% 1% 1% 0% 4% 1% 10% 2%

Altogether, since 2006, when the first HPV vaccine was introduced in the United States,
71% of adolescents aged 13–17 years have been vaccinated [21]. Although the HPV vaccine
is highly effective in preventing infections caused by oral HPV genotypes 16 and 18 for
at least ten years after the administration [25,26], the Food and Drug Administration has
not given official approval for the use of HPV vaccination as a preventive measure for
oropharyngeal cancer. As a result, this lack of endorsement has led to limited awareness
regarding the beneficial correlation between HPV vaccination and oral squamous cell
carcinoma incidence reduction. Nevertheless, the American Cancer Society recommends
routine HPV vaccination between ages 9 and 12 years, regardless of HPV status, to be most
effective in preventing HPV cancer compared to the older age [27].

Oral and dental healthcare providers have always focused primarily on the secondary
prevention of HPV-related benign lesions and oral/oropharyngeal cancer through clinical
examinations [10,28]. However, recent proposals by the American Dental Association
(ADA) and the American Academy of Pediatric Dentistry (AAPD) suggest expanding the
role of oral healthcare providers to include improving the education and awareness of
HPV-related oral lesions and recommending HPV vaccination [29,30]. Accordingly, to limit
viral transmission, health care workers, including dentists, should educate their patients
about HPV transmission routes, virus-related skin, mucosal, and oral lesions, as well as
the possibility of latent or persistent HPV infection, especially when caused by high-risk
viral genotypes [3]. In addition, safe practices such as the use of condom and barriers
during orogenital intercourse should be promoted as part of sexual education, and healthy
lifestyles should also be promoted by supporting smoking cessation since tobacco smoking
is significantly associated with HPV infection, and therefore cessation is critical for the
prevention of HPV-related diseases [31–34]. Furthermore, healthcare workers, including
dentists and pedodontists, should encourage vaccination as early as 9 to 10 years of age, as
vaccine administration at an older age is less effective in reducing cancer risk [27].

Conflicts of Interest: The author declares no conflict of interest.



Cancers 2023, 15, 2711 3 of 4

References
1. Magalhaes, M.A.O.; Somers, G.R.; Sikorski, P.; Forte, V.; Abouzgia, M.; Barrett, E.; Bradley, G. Unusual Presentation of Squamous

Cell Carcinoma of the Maxilla in an 8-Year-Old Child. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2016, 122, e179–e185.
[CrossRef] [PubMed]

2. Betz, S.J. HPV-Related Papillary Lesions of the Oral Mucosa: A Review. Head Neck Pathol. 2019, 13, 80–90. [CrossRef] [PubMed]
3. Di Spirito, F.; Pantaleo, G.; Di Palo, M.P.; Amato, A.; Raimondo, A.; Amato, M. Oral Human Papillomavirus Benign Lesions and

HPV-Related Cancer in Healthy Children: A Systematic Review. Cancers 2023, 15, 1096. [CrossRef] [PubMed]
4. Gallottini Magalhães, M.; Franco Bueno, D.; Serra, E.; Gonçalves, R. Oral Manifestations of HIV Positive Children. J. Clin. Pediatr.

Dent. 2001, 25, 103–106. [CrossRef]
5. Santella, B.; Schettino, M.T.; Franci, G.; De Franciscis, P.; Colacurci, N.; Schiattarella, A.; Galdiero, M. Microbiota and HPV: The

Role of Viral Infection on Vaginal Microbiota. J. Med. Virol. 2022, 94, 4478–4484. [CrossRef]
6. Castro, T.P.P.G.; Filho, I.B. Prevalence of Human Papillomavirus (HPV) in Oral Cavity and Oropharynx. Braz. J. Otorhinolaryngol.

2006, 72, 272–281. [CrossRef]
7. Pina, A.; Fonseca, F.; Pontes, F.; Pontes, H.; Pires, F.; Taylor, A.; Aguirre-Urizar, J.; de Almeida, O. Benign Epithelial Oral

Lesions—Association with Human Papillomavirus. Med. Oral Patol. Oral Cir. Bucal. 2019, 24, e290–e295. [CrossRef]
8. Yete, S.; D’Souza, W.; Saranath, D. High-Risk Human Papillomavirus in Oral Cancer: Clinical Implications. Oncology 2018,

94, 133–141. [CrossRef]
9. Sri, S.; Ramani, P.; Premkumar, P.; Ramshankar, V.; Ramasubramanian, A.; Krishnan, R. Prevalence of Human Papillomavirus

(HPV) 16 and 18 in Oral Malignant and Potentially Malignant Disorders: A Polymerase Chain Reaction Analysis—A Comparative
Study. Ann. Maxillofac. Surg. 2021, 11, 6. [CrossRef]

10. Amato, A. Periodontitis and Cancer: Beyond the Boundaries of Oral Cavity. Cancers 2023, 15, 1736. [CrossRef]
11. Chaturvedi, A.K.; Freedman, N.D.; Abnet, C.C. The Evolving Epidemiology of Oral Cavity and Oropharyngeal Cancers. Cancer

Res. 2022, 82, 2821–2823. [CrossRef] [PubMed]
12. Cao, J.; Zhang, Z.Y.; Patima; Zhang, Y.X.; Chen, W.T. Human Papillomavirus Infection and P53 Alteration in Oral Squamous Cell

Carcinoma. Chin. J. Dent. Res. 2000, 3, 44–49. [PubMed]
13. Hübbers, C.U.; Akgül, B. HPV and Cancer of the Oral Cavity. Virulence 2015, 6, 244–248. [CrossRef] [PubMed]
14. Westra, W.H.; Taube, J.M.; Poeta, M.L.; Begum, S.; Sidransky, D.; Koch, W.M. Inverse Relationship between Human Papillomavirus-

16 Infection and Disruptive P53 Gene Mutations in Squamous Cell Carcinoma of the Head and Neck. Clin. Cancer Res. 2008,
14, 366–369. [CrossRef] [PubMed]

15. Muzio, L.L.; Ballini, A.; Cantore, S.; Bottalico, L.; Charitos, I.A.; Ambrosino, M.; Nocini, R.; Malcangi, A.; Dioguardi, M.;
Cazzolla, A.P.; et al. Overview of Candida Albicans and Human Papillomavirus (HPV) Infection Agents and Their Biomolecular
Mechanisms in Promoting Oral Cancer in Pediatric Patients. Biomed. Res. Int. 2021, 2021, 7312611. [CrossRef]

16. Ganguly, N.; Parihar, S.P. Human Papillomavirus E6 and E7 Oncoproteins as Risk Factors for Tumorigenesis. J. Biosci. 2009,
34, 113–123. [CrossRef]

17. Filippova, M.; Song, H.; Connolly, J.L.; Dermody, T.S.; Duerksen-Hughes, P.J. The Human Papillomavirus 16 E6 Protein Binds
to Tumor Necrosis Factor (TNF) R1 and Protects Cells from TNF-Induced Apoptosis. J. Biol. Chem. 2002, 277, 21730–21739.
[CrossRef]

18. Burley, M.; Roberts, S.; Parish, J.L. Epigenetic Regulation of Human Papillomavirus Transcription in the Productive Virus Life
Cycle. Semin. Immunopathol. 2020, 42, 159–171. [CrossRef]

19. Petrosky, E.; Bocchini, J.A.; Hariri, S.; Chesson, H.; Curtis, C.R.; Saraiya, M.; Unger, E.R.; Markowitz, L.E.; Centers for Disease Con-
trol and Prevention (CDC). Use of 9-Valent Human Papillomavirus (HPV) Vaccine: Updated HPV Vaccination Recommendations
of the Advisory Committee on Immunization Practices. MMWR Morb. Mortal. Wkly. Rep. 2015, 64, 300–304.

20. Kjaer, S.K.; Dehlendorff, C.; Belmonte, F.; Baandrup, L. Real-World Effectiveness of Human Papillomavirus Vaccination Against
Cervical Cancer. JNCI J. Natl. Cancer Inst. 2021, 113, 1329–1335. [CrossRef]

21. Bruni, L.; Saura-Lázaro, A.; Montoliu, A.; Brotons, M.; Alemany, L.; Diallo, M.S.; Afsar, O.Z.; LaMontagne, D.S.; Mosina, L.;
Contreras, M.; et al. HPV Vaccination Introduction Worldwide and WHO and UNICEF Estimates of National HPV Immunization
Coverage 2010–2019. Prev. Med. 2021, 144, 106399. [CrossRef] [PubMed]

22. Di Spirito, F.; Iandolo, A.; Amato, A.; Caggiano, M.; Raimondo, A.; Lembo, S.; Martina, S. Prevalence, Features and Degree of
Association of Oral Lesions in COVID-19: A Systematic Review of Systematic Reviews. Int. J. Environ. Res. Public Health 2022,
19, 7486. [CrossRef] [PubMed]

23. Di Spirito, F.; Caggiano, M.; Di Palo, M.P.; Contaldo, M.; D’Ambrosio, F.; Martina, S.; Amato, A. Oral Lesions in Pediatric Subjects:
SARS-CoV-2 Infection and COVID-19 Vaccination. Appl. Sci. 2022, 12, 8995. [CrossRef]

24. Di Spirito, F.; Amato, A.; Di Palo, M.P.; Contaldo, M.; D’Ambrosio, F.; Lo Giudice, R.; Amato, M. Oral Lesions Following
Anti-SARS-CoV-2 Vaccination: A Systematic Review. Int. J. Environ. Res. Public Health 2022, 19, 10228. [CrossRef]

25. Lee, G.Y.; Inthasorn, P.; Laowahutanont, P.; Lawpoolsri, S.; Kamolratanakul, S.; Lungchukiet, P.; Oh, J.; Termrungruanglert, W.;
Taechakraichana, N.; Pitisuttithum, P. Long-Term Effectiveness of Human Papillomavirus Vaccines among Adult Women: A
Real-World Scenario. Vaccine 2022, 40, 1968–1976. [CrossRef]

26. De Vincenzo, R.; Conte, C.; Ricci, C.; Scambia, G.; Capelli, G. Long-Term Efficacy and Safety of Human Papillomavirus Vaccination.
Int. J. Womens Health 2014, 6, 999–1010. [CrossRef]

https://doi.org/10.1016/j.oooo.2016.06.017
https://www.ncbi.nlm.nih.gov/pubmed/27765341
https://doi.org/10.1007/s12105-019-01003-7
https://www.ncbi.nlm.nih.gov/pubmed/30693456
https://doi.org/10.3390/cancers15041096
https://www.ncbi.nlm.nih.gov/pubmed/36831439
https://doi.org/10.17796/jcpd.25.2.f01k062j7315660v
https://doi.org/10.1002/jmv.27837
https://doi.org/10.1016/S1808-8694(15)30068-9
https://doi.org/10.4317/medoral.22817
https://doi.org/10.1159/000485322
https://doi.org/10.4103/ams.ams_376_20
https://doi.org/10.3390/cancers15061736
https://doi.org/10.1158/0008-5472.CAN-22-2124
https://www.ncbi.nlm.nih.gov/pubmed/35971675
https://www.ncbi.nlm.nih.gov/pubmed/11314535
https://doi.org/10.1080/21505594.2014.999570
https://www.ncbi.nlm.nih.gov/pubmed/25654476
https://doi.org/10.1158/1078-0432.CCR-07-1402
https://www.ncbi.nlm.nih.gov/pubmed/18223210
https://doi.org/10.1155/2021/7312611
https://doi.org/10.1007/s12038-009-0013-7
https://doi.org/10.1074/jbc.M200113200
https://doi.org/10.1007/s00281-019-00773-0
https://doi.org/10.1093/jnci/djab080
https://doi.org/10.1016/j.ypmed.2020.106399
https://www.ncbi.nlm.nih.gov/pubmed/33388322
https://doi.org/10.3390/ijerph19127486
https://www.ncbi.nlm.nih.gov/pubmed/35742735
https://doi.org/10.3390/app12188995
https://doi.org/10.3390/ijerph191610228
https://doi.org/10.1016/j.vaccine.2022.02.042
https://doi.org/10.2147/IJWH.S50365


Cancers 2023, 15, 2711 4 of 4

27. Saslow, D.; Andrews, K.S.; Manassaram-Baptiste, D.; Smith, R.A.; Fontham, E.T.H. Human Papillomavirus Vaccination 2020
Guideline Update: American Cancer Society Guideline Adaptation. CA Cancer J. Clin. 2020, 70, 274–280. [CrossRef]

28. Di Spirito, F. Oral-Systemic Health and Disorders: Latest Prospects on Oral Antisepsis. Appl. Sci. 2022, 12, 8185. [CrossRef]
29. American Dental Association. Statement on Human Papillomavirus and Squamous Cell Cancers of the Oropharynx; American Dental

Association ADA Council on Scientific Affairs: Chicago, IL, USA, 2012.
30. American Dental Association. Cancer Prevention through HPV Vaccination: An Action Guide for Dental Health Care Providers; National

HPV Vaccination Roundtable: Chicago, IL, USA, 2018.
31. Timbang, M.R.; Sim, M.W.; Bewley, A.F.; Farwell, D.G.; Mantravadi, A.; Moore, M.G. HPV-Related Oropharyngeal Cancer:

A Review on Burden of the Disease and Opportunities for Prevention and Early Detection. Hum. Vaccines Immunother 2019,
15, 1920–1928. [CrossRef]

32. Syrjanen, S.; Termine, N.; Capra, G.; Paderni, C.; Panzarella, V.; Campisi, G. Oral HPV Infection: Current Strategies for Prevention
and Therapy. Curr. Pharm. Des. 2012, 18, 5452–5469. [CrossRef]

33. Caggiano, M.; Gasparro, R.; D’Ambrosio, F.; Pisano, M.; Di Palo, M.P.; Contaldo, M. Smoking Cessation on Periodontal and
Peri-Implant Health Status: A Systematic Review. Dent. J. 2022, 10, 162. [CrossRef] [PubMed]

34. Gillison, M.L.; Chaturvedi, A.K.; Anderson, W.F.; Fakhry, C. Epidemiology of Human Papillomavirus–Positive Head and Neck
Squamous Cell Carcinoma. J. Clin. Oncol. 2015, 33, 3235–3242. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3322/caac.21616
https://doi.org/10.3390/app12168185
https://doi.org/10.1080/21645515.2019.1600985
https://doi.org/10.2174/138161212803307581
https://doi.org/10.3390/dj10090162
https://www.ncbi.nlm.nih.gov/pubmed/36135157
https://doi.org/10.1200/JCO.2015.61.6995
https://www.ncbi.nlm.nih.gov/pubmed/26351338

	References

